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Preface 

This  is  the  first  time  that  Training  Course  7000.1,  Soil,  Water,  and  Air 
Resources  Management,  has  been  offered  as  part  of  the  Bureau  of  Land 
Management  Training  Program.  The  course  was  conceived  over  four  years  ago  to 
offer  newly  hired  hydrologists  and  soil  scientists  a  comprehensive 
introduction  to  the  Bureau  of  Land  Management  and  it's  Soil,  Water,  and  Air 
Resources  Program.   For  a  number  of  reasons  the  Course  was  never  offered. 

Over  the  past  four  years  there  have  been  several  changes  which  influenced  the 
design  of  Course  7000.1.   First,  there  have  been  very  few  "new"  hydrologists 
or  soil  scientists  hired.   Second,  the  emphasis  of  the  Soil,  Water,  and  Air 
Program  has  been  evolving  in  response  to  changing  issues,  program  objectives 
and  policies,  and  technologies.   Third,  the  time  allocated  for  Course  7000.1 
was  reduced  from  six  weeks  to  two  weeks.   Thus,  instead  of  a  comprehensive 
inroductory  training  course,  the  present  course  is  intended  to  update 
practicing  BLM  soil  scientists,  hydrologists,  soil  conservationists,  and  other 
resource  specialists  with  primary  responsibilities  in  the  soil  and  water 
programs  on  program  policies,  directions,  issues,  and  analytical  tools.   Since 
many  policies,  issues,  analytical  tools,  and  areas  of  program  emphasis  are 
new,  the  course  should  be  appropriate  for  resource  specialists  with  any  level 
of  technical  background  or  professional  experience. 

The  course  is  divided  into  ten  topic  areas.   However,  several  recurring  themes 
serve  to  unite  several  of  the  topics.   For  example,  program  policies  will  be 
discussed  formally,  but  also  will  be  integral  to  subsequent  discussions  of 
issues,  and  the  implementation  of  effective  field  office  soil,  water,  and  air 
programs.   The  planning  system  will  be  described  formally,  but  aspects  of  the 
planning  system,  including  watershed  analyses,  watershed  activity  planning, 
and  monitoring  will  be  the  subject  of  subsequent  field  office  presentations 
and  hands-on  exercises.   Finally,  there  is  the  overriding  theme  that  technical 
skills,  communication  skills,  and  professional  behavior  are  key  elements  in 
effective  job  performance. 

The  BLM  Soil,  Water,  and  Air  Resources  Program  is  extremely  diverse  in  terms 
of  issues,  program  emphasis,  and  professional  skills  mixes  at  the  field  office 
level.   As  such,  it  is  impossible  to  address  all  topics  of  interest  to  soil, 
water,  and  air  resources  specialists.   Also,  since  most  of  the  topics  planned 
for  this  course  could  easily  be  the  subjects  of  separate  expanded  training 
courses,  there  are  practical  limitations  to  the  depth  to  which  individual 
subjects  can  be  covered.   It  has  to  be  assumed,  therefore,  that  once 
introduced  to  a  subject  area,  and/or  related  professional  contacts,  the 
professional  can  take  it  upon  himself  to  expand  or  advance  his  expertise  as 
needed,  or  to  pursue  other  topics  not  covered  formally  in  this  course.   In 
this  regard,  it  is  hoped  that  one  of  the  most  useful  aspects  of  this  course 
will  be  the  interaction  facilitated  between  fellow  soil,  water,  and  air 
resource  specialists  throughout  the  Bureau  of  Land  Management. 
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1986  Soil,  Water,  and  Air 
Training  Course  (7000.1) 


Purpose 


To  update  practicing  BLM  Soil  Scientists,  Hydrologists,  Soil 
Conservationists,  and  other  resource  specialists  with  primary  responsi- 
bilities in  the  soil  and  water  programs  on  program  policies,  direction, 
issues,  and  analytical  tools. 

General  Objectives 

1.  To  be  able  to  describe  the  SW  program  as  outlined  in  the  new 
draft  7000  Manual. 

2.  To  be  able  to  describe  the  budget  process  at  all  BLM 
organizational  levels. 

3.  To  be  able  to  describe  the  philosophy  and  design  of  the  Resource 
Management  Planning  System  and  the  role  of  soil  and  water 
specialists  in  resource  management  planning,  and  activity 
planning. 

4.  To  be  able  to  describe  and  prepare  components  of  a  watershed 
analysis  and  a  watershed  activity  plan. 

5.  To  be  able  to  describe  the  applications  of  GIS  in  planning,  and 
to  conduct  a  simple  watershed  analysis  using  a  GIS. 

6.  To  be  able  to  use  personal  computers  in  hydrologic  design, 
watershed  modelling,  data  storage,  and  statistical  analyses. 

7.  To  be  able  to  describe  the  components  of  a  watershed  monitoring 
plan  and  common  watershed  monitoring  approaches,  and  to  apply 
common  sampling  designs  and  data  analysis  methods. 

8.  To  be  able  to  describe  important  soil  and  water  issues,  the  role 
of  soil  and  water  specialists,  and  responsibilities  for 
addressing  those  issues. 

9   To  be  able  to  describe  program  responsibilities  in  air  resources 
management. 

10.  To  identify  deficiencies  in  individual  soil  and  water  programs, 
manager-specialist  communications,  and  professional  behavior, 
and  develop  strategies  for  improving  both  personal  and  program 
effectiveness. 
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AGENDA 
1986  Soil,  Water,  and  Air  Training  Course  (7000-1) 


DATE 


TOPIC 


INSTRUCTOR 


Mon.  4/21 


Course  Objectives,  Organization 
Soil/Water  Program:   Goals, 
Objectives,  Policies 
Budget  Process  <'' 

Resource  Management  Planning: 
Soil/Water  Role 


Jackson  (D-470) 
Stone  (WO-222) 

D.  Muller  (WO-222) 
K.  Muller  (WO-202) 


Tues.  4/22 


Watershed  Condition  Analysis 

Watershed  Activity  Planning 

(Overview) 

Watershed  Activity  Planning 

(Field  Implementation) 

Development/Use  of  Soil 

Interpretations 


Stone  (WO-222) 

D.  Muller  (WO-222) 

Hooper  (Cedar  City) 

Volk  (MT-932) 


Wed.  4/23 


h 


GIS  in  Resource  Management 

Planning 

GIS:  Hands-on  Exercises 


Foster  (D-443) 
Webster  (TGS) 


Thurs.  4/24 


Using  Personal  Computers 
Personal  Computer  Lab. 
(Design  hydrology,  forage 
production,  soil  data  bases, 
runoff  and  sediment  modelling) 


Gebhardt  (ID-932) 
Gebhardt  (ID-932) 
Jackson  (D-470) 


Fri.  4/25 


Field  Trip:   San  Simon  Project 
(Class  will  travel  to  Safford 
Thursday  evening. ) 


McGlothlin  (AZ-932) 
Safford  DO 


Sat.  4/26 


Field  Activity  Planning 

Exercise 

(Class  will  return  to  Phoenix 

Saturday  Afternoon.) 


Van  Haveren  (D-470) 
Humphreys  (Safford 
DO) 


Mon.  4/28 


Watershed  Analysis/Activity 
Planning  Exercise 


Van  Haveren  (D-470) 


< 


Tues.  4/29 


Soil/Water  Monitoring  Concepts 
Study  Designs 

Computer  Lab:  Data  Analysis, 
Statistical  Tests 


Jackson  (D-470) 
Hudson  (D-470) 


Wed.  4/30 


Soil/Water  Issues  (Water 

Rights,  Hazardous  Waste, 

Dam  Safety,  Salinity  Control, 

Energy  EA's 

Riparian  Area  Management 


D.  Muller  (WO-222) 
Vandas  (CO-932) 


D.  Muller  (WO-222) 
Jackson  (D-470) 
Murphy  (Montrose  DO) 


Thurs.  5/1    -  Air  Resource  Activities 

-  Managers'  Perceptions  of 
Soil/Water/Air  Programs 
panel  discussion 


Fri. 


5/2 


Closeout  and  Evaluation 
(Adjourn  at  Noon) 


Archer  (CO-932), 
Wagner  (UT-932) 
Huff  (CSO) 
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Course:   7000-1 
Instructor:   J.  Stone 


SOIL  AND  WATER  PROGRAMS 

Course  Objectives:   Upon  completion  of  this  segment,  students  should  be  abl< 
to: 

1.  List  and  describe  the  function  of  the  different  elements  in  the  Bureau 
Directives  System; 

2.  Prepare  a  one-page  summary  describing  the  Soil  and  Water  Programs  and 
justifying  their  existence  to  a  new  Bureau  employee; 

3.  List  the  major  steps  in  the  budget  process  and  explain  how  you  (in  your 
present  position)  can  facilitate  budget  preparation. 


Topic  Outline 

I.  Historical  Perspective  (How  did  we  get  where  we  are?) 

A.  Soil  and  Moisture  -  the  60's 

B.  Watershed  Conservation  and  Development  -  the  70' s 

C.  Soil,  Water,  and  Air  Management  -  the  80's 

II.  Program  Direction  and  Guidance  (Where  are  we,  anyhow?) 

A.  Building  From  a  Logical  Base 

B.  Program  Objectives  and  Policies 

C.  Manuals/Handbooks/Technical  References  -  Status 

III.  Programming  and  Budgeting  (Where  have  all  the  dollars  gone?) 

A.  Budget  Process  -  How  it  is  supposed  to  work 

B.  Budget  Process  -  How  it  does  work 

C.  Your  Role  in  Programming  and  Budgeting 


JAMES  E.  STONE 
BLM,  Div.  Rangeland  Resources 
Washington,  D.C. 

FTS    653-9210 
COM  (202)  653-9210 


CAREER  EXPERIENCE 


1985  -  Present    Soil  Scientist,  BLM,  Div.  Rangeland  Resources,  Wash.  D.C. 

1980  -  1985       Soil  Scientist,  BLM,  Div.  Resource  Systems,  Denver  Service 

Center 

1977  -  1980  Soil  Conservationist,  BLM,  Div.  Resources,  Montrose,  CO 

1976  -  1977  Soil  Scientist,  BLM,  Soil  Survey  Party,  Socorro,  NM 

1974  -  1976  Research  Faculty,  Dept.  Agronomy,  Cornell  University 

1969  -  1974  Research  Assistant,  Dept.  Natural  Resources,  Cornell  Univ. 

1967  -  1969       Research  Assistant,  Water  Resources  Research  Institute, 

Laramie,  WY 

1966  -  1967       Teaching  Assistant,  Dept.  Biology,  Hamline  Univ. 


EDUCATION 

PhD,  Terrestrial  Ecology,  1974,  Cornell  Univ.,  Ithaca,  NY 

MS,   Botany,  1969,  Univ.  Wyoming,  Laramie,  WY 

BS,   Biology,  1967,  Hamline  Univ.,  St.  Paul,  MN 

OTHER  INTERESTS 

Woodworking,  carpentry,  gardening 


o 


SOIL,  WATER,  AIR  OBJECTIVES 


A.  PREVENT  IMPAIRMENT  OF  SOIL  PRODUCTIVITY  DUE  TO  ACCELERATED  SOIL  LOSS  OR 
PHYSICAL  OR  CHEMICAL  DEGREDATION  OF  THE  SOIL  RESOURCE. 

B.  ENSURE  THE  BUREAU  MANAGMENT  ACTIONS  AND  OBJECTIVES  ARE  CONSISTENT  WITH 
SOIL  RESOURCE  CAPABILITIES. 

C.  MAINTAIN  OR  IMPROVE  SURFACE  AND  GROUND  WATER  QUALITY  CONSISTENT  WITH 
EXISTING  AND  ANTICIPATED  USES  AND  APPLICABLE  STATE  AND  FEDERAL  WATER  QUALITY 
STANDARDS . 

D.  MINIMIZE  THE  HARMFUL  CONSEQUENCES  OF  UNCONTROLLED  WATER  FLOWS  ON  OR 
ARISING  FROM  BUREAU-ADMINISTERED  LANDS. 

E.  PROVIDE  FOR  THE  PHYSICAL  AND  LEGAL  AVAILABILITY  OF  WATER  TO  FACILITATE 
AUTHORIZED  USES  OF  THE  PUBLIC  LANDS. 


(why? ) 


AUTHORITIES 


(what?) 


PROGRAM  OBJECTIVES 


(how?) 


POLICIES 


\ 


\ 


\   I 

ISSUES 


PERSONNEL 


f 

So.  .  Sci.    Hydrol, 


40 


23 


100 

122 

81 

115 

76 

103 

75 

w 

69 

83 

62 

74 

60 

1930 


1940 

'46 
1950 


'54 


1960 


'64  - 


1970 


EVENTS 

Taylor  Grazing  Act  (1934);  Soil  Conservation  and  Domestic 
Allotment  Act  (1935);  0  &  C  Act  (1937)   ' 

BLM  established  from  Grazing  Service  &  Gen.  Land  Office 

Halogeton  Control  Act 

Watershed  Protection  &  Flood  Control  Act  (PL  566) 

Secretarial  Order  -  Soil  &  Moist,  functions  delegat.  to  BLM 

Vale  Project  et  al.  funded 
Classification  and  Multiple  Use  Act;  1st  policy  on  soil  survev 


National  Environmental  Policy  Act  (NEPA) 

WO  Div.  Watershed  established;  Clean  Air  amendments 


'72  -   Water  Pollution  Control  Act  (PL  92-500) 


'74  -   NRDC  suit  settled;  Colorado  Salinity  Act 


'76  - 


78  " 


1980 


'82  " 


'84 


FLPMA 


Clean  Water  Act;  Clean  Air  amendments;  Floodplian  Mgmt.  EO 

BLM/SCS  Nat'l.  level  MOU  on  soil  survey;  PRIA 

WO  Div.  Watershed  abolished;  water  policy  staff  estab. 
1st  Soil  Sci.  and  Hydrol.  hired  into  Div.  Rangeland 


Water  Policy  Staff  abolished  (dissolved?) 


Branch  of  Soil,  Water,  Air  (222)  created 
-I   4340  split  into  4341  &  4342 


f/s/zs- 


7000      SOIL,   WATER,   AND  AIR  RESOURCES 

7100  SOIL  RESOURCE 

.  1  Soil   Resource   Program 

.2  Soil   Survey   Operations 

.3  Soil   Classification  and  Mapping 

.4  Soil   Survey   Reports 

.5  Soil   Interpretations 

.6  Site-Specific  Evaluations 

.7  Soil   Information   Systems 


7200      WATER  RESOURCES 

7210  Watershed   Condition  Analysis 

7220  Watershed  Activity   Planning 

7230  Groundwater 

72A0  Water   Quality 

7250  Water  Rights 

7260  Floodplains 


7300      AIR  RESOURCE 

.1   Air  Resource  Program 

.2   Air  Resource  Management  Activities 

.3  Air  Resource    Inventory 

.4   Air  Resource  Monitoring 

.5   Air  Resource   Modeling 

.6  Air  Resource   Training  and  Education 


Guidance  System 
Legislation,  hxecullve  UrJ.TS,  and  Court  Orders:   Taylor  Act,  KLPMA,  PKIA,  etc. 
Crazing  Regulations:  43  CFR  4100  (Oriented  Toward  the  Public) 
Departmental  Manuals:   (are  typically  general  instructions) 

BLM  Directives 


Long  Term  Directives  (Manual  System) 

Manua_l_  Sections:   Policy,  and  Standards 
(Written  for  Managers) 


1622  -  Supplemental  Program 
Guidance  for  Renewable  Resources 
Programs  (WO  IM  86-136) 

4100  -  Grazing  Administration  (Excl.  of  Alaska) 

(Rel.  4-69,  6/20/84) 
4110  -  Qualifications  and  Preference 

(Rel.  4-70,  6/20/84) 
4120  -  Grazing  Management 

(Rel.  4-72,  6/20/84) 
4130  -  Authorizing  Grazing  Use 

(Rel.  4-74,  7/2/84) 
4150  -  Unauthorized  Grazing  Use 

(Rel.  4-76,  5/16/84) 
4160  -  Administrative  Remedies 

(Rel,  4-78,  6/20/84) 
4400  -  Rangeland  Inventory,  Monitoring, 

and  Evaluation 

(Rel.  4-64,  12/1/83) 
4410  -  Ecological  Site  Inventory 

(Rel.  4-80,  7/12/84) 


Manual  Handbooks:   Required  Procedure  and 
Standards  (detailed);  written  for 
Staff/Technical  personnel 


Reference  System:   Optional  Procedure 
and  Technical  Information 


H-4110-1  -  Qualifications  and  Preference 

(Rel.  4-71,  6/20/84) 
H-4120-1  -  Grazing  Management 

(Rel.  4-73,  6/20/84) 
11-4130-1  -  Authorizing  Grazing  Use 

(Rel.  4-75,  7/3/84) 
11-4150-1  -  Unauthorized  Grazing  Use 

(Rel.  4-77,  7/3/84) 
H-4160-1  -  Administrative  Remedies 

(Rel.  4-79,  7/3/84) 


H-4410-1  -  National  Range  Handbook 
(Rel.  4-81,  7/12/84) 


TR-4400-1  -  Rangeland  Monitoring: 

Planning  for  Monitoring  (p-205) 

TR-4400-2  -  Rangeland  Monitoring: 

Actual  Use  Studies  (p-206) 
TR-4400-3  -  Rangeland  Monitoring: 

Utilization  Studies  (p-207) 
TR-4400-4  -  Rangeland  Monitoring: 

Trend  Studies  (p-208) 
TR-4400-7  -  Rangeland  Monitoring: 

Analysis,  Interpretation,  and 

Evaluation  (p-209) 


* 


1740  -  Renewable  Resource  Improvements 

and  Treatments 
(Rels.  1-1427  and  1-1417) 
6/28/85  and  9/3/85 

1741  -  Renewable  Resource  Improvements,  Practices, 

and  Standards 

(Rel.  1-1418,  4/11/85) 
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►.01  Purpose.   This  Manual  Section  provides  policy  and  guidance  for  the 
management  of  soil,  water,  and  air  resources  and  watershed  values 
associated  with  lands  administered  by  the  Bureau  of  Land  Management  (BLM) . 

.02  Objectives. 

A.  To  protect,  maintain,  or  improve  the  quality  of  the  soil,  water,  and 
air  resources  and  watershed  values  associated  with  the  public  lands, 
including  natural  site  productivity;  air  quality;  and  surface  and  ground 
water  quality,  quantity,  and  timing. 

B.  To  prevent  deterioration  of  soil,  air  quality,  and  watershed 
conditions  where  technically  and  economically  feasible  and  to  rehabilitate 
areas  where  accelerated  erosion  and  runoff  have  resulted  in  unacceptable 
resource  conditions. 

C.  To  prevent  or  minimize  the  threat  to  public  health  and  safety, 
damages  to  natural  site  characteristics,  or  economic  losses  due  to: 
floods,  sedimentation,  decreased  water  and  air  quality,  or  accelerated 
runoff  and  erosion. 

•03  Authority.   The  Soil,  Water,  and  Air  Management  Program  is  conducted 
under  the  following  authorities: 

A.   Statutes. 

1.  Economy  Act  of  1932,  as  amended,  P.L.  72-211,  44  Stat.  417,  31 
U.S.C.  686,  June  30,  1932.   This  Act  authorizes  reimbursable  transfers  of 
materials  and  services  between  Federal  agencies.   The  Act  forms  the  basis 
for  agreements  between  the  BLM  and  the  Soil  Conservation  Service  (SCS) 
concerning  soil  survey  work;  between  the  BLM  and  the  Geological  Survey  (GS) 
for  certain  stream  monitoring  activities;  and  between  the  BLM  and  the  GS, 
the  Forest  Service,  the  National  Park  Service,  and  the  Environmental 
Protection  Agency  for  air  resource  monitoring  and  impact  modeling 
activities. 

2.  Taylor  Grazing  Act  of  1Q34,  as  amended,  P.L.  73-482,  48  Stat. 
1269,  43  U.S.C.  315,  June  28,  1934.   This  Act  provides  for  the  orderly  use, 
improvement,  and  development  of  the  range;  the  regulation  of  occupancy  and 
use  to  preserve  the  land  and  Its  resources  from  destruction  or  unnecessary 
injury;  for  continued  study  of  erosion  and  flood  control;  and  for  any  such 
work  as  may  be  necessary  to  protect  and  rehabilitate  the  public  lands  in 
order  to  prevent  soil  deterioration. 
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»      3.   Soil  Conservation  and  Domestic  Allotment  Act  of  1935,  as  amended, 
P.L.  74-46,  49  Stat.  163,  16  U.S.C.  590,  April  27,  1935.   By  Reorganization 
Plan  No.  IV  and  Secretary  Order  2835,  this  Act  authorizes  the  BLM  to 
conduct  and  publish  surveys,  investigations,  and  research  relating  to  the 
character  of  soil  erosion;  to  disseminate  information  on  erosion  prevention 
measures;  and  to  conduct  demonstration  projects  in  areas  subject  to  wind 
and  water  erosion.   The  Act  further  provides  for  the  "preservation  and 
improvement  of  soil  fertility,  promotion  of  the  economic  use  and 
conservation  of  land,  and  diminution  of  exploitation  and  wasteful  and 
unscientific  use  of  national  soil  resources." 

4.  Revested  Oregon  and  California  Railroad  and  Reconveyed  Coos  Bay 
Wagon  Road  Grant  Lands  Act  of  1937,  as  amended,  P.L.  75-405,  50  Stat.  874, 
43  U.S.C.  1181,  August  28,  1937.  This  Act  provides  for  management  of  the 
revested  Oregon  and  California  Railroad  lands  and  the  reconveyed  Coos  Bay 
Wagon  Road  lands  to  provide  a  permanent  timber  supply  under  the  principle 
of  sustained  yield,  as  well  as  to  protect  watersheds  and  regulate 
streamf low. 

5.  Appropriations  Act  of  1952,  McCarran  Amendment,  66  Stat.  56,  43 
U.S.C.  666,  July  10,  1952.   This  amendment  allows  the  United  States  to  be 
joined  as  a  defendant  in  any  suit  for  the  general  adjudication  of  water 
rights. 

6.  Watershed  Protection  and  Flood  Control  Act  of  1954,  as  amended, 
P.L.  83-566,  68  Stat.  666,  16  U.S.C.  1001  et  seq.,  August  4,  1954.  Under 
this  Act,  the  Federal  Government  is  directed  to  cooperate  with  States  and 
their  political  subdivisions,  soil  or  water  conservation  districts,  flood 
prevention  or  control  districts,  and  other  local  public  agencies  to  prevent 
erosion  or  floodwater  and  sediment  damage. 

7.  Water  Resources  Research  Act  of  1954,  as  amended,  P.L.  88-379,  78 
Stat.  329,  42  U.S.C.  1961,  July  17,  1964.   Under  this  Act,  the  Secretary  of 
the  Interior  may  give  grants  to,  and  cooperate  with,  Federal,  State,  and 
local  agencies  to  undertake  research  into  any  water  problems  related  to  the 
mission  of  the  Department. 

8.  Water  Resources  Planning  Act  of  1965,  as  amended,  P.L.  89-80,  79 
Stat.  244,  42  U.S.C.  1962  et  seq.,  July  22,  1965.   This  Act  establishes  the 
Water  Resources  Council,  which  is  directed  to  maintain  studies  of  water 
supplies  and  water  programs.   The  Chairman  of  any  River  Basin  Commission 
can  request  from  an  agency,  and  that  agency  is  authorized  to  furnish,  such 
information  necessary  to  carry  out  its  functions. 
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9.  Soil  Information  Assistance  for  Community  Planning  and  Resource 
Development  Act  of  1966,  P.L.  89-560,  80  Stat.  706,  42  U.S.C.  3271  et  seq., 
September  7,  19.66.   This  Act  directs  the  Secretary  of  Agriculture  to 
provide  assistance  to  States  and  other  public  agencies  In  the  classifica- 
tion and  interpretation  of  kinds  of  soil  and  in  the  intensification  of  use 
and  benefits  of  the  National  Cooperative  Soil  Survey.   The  Act  further 
provides  for  consultation  with  other  Federal  agencies  to  assure 
coordination  of  work. 

10.  National  Environmental  Policy  Act  (NEPA)  of  1969,  as  amended, 
P.L.  91-190,  83  Stat.  852,  42  U.S.C.  4321  et  seq.,  January  1,  1970.   This 
Act  requires  that  agencies  prepare  environmental  impact  statements  for 
Federal  actions  expected  to  "significantly  affect  the  quality  of  the  human 
environment."   In  addition,  agencies  are  required  to  use  a  systematic, 
interdisciplinary  approach  in  planning  and  decisionmaking  processes  that 
will  affect  the  environment. 

11.  Clean  Air  Amendments  of  1970,  P.L.  91-604,  84  Stat.  1676, 

42  U.S.C.  1857  et  seq.,  December  31,  1970.   These  amendments  to  the  Clean 
Air  Act  of  1955,  authorize  the  establishment  of  National  Ambient  Air 
Quality  Standards  for  major  pollutants.   Meeting  these  standards  is 
primarily  a  State  responsibility  and  is  to  be  accomplished  under  individual 
State  Implementation  Plans.   The  Bureau  must  comply  with  national  and  State 
air  quality  standards  and  is  directed  to  cooperate  with  the  States  in 


carrying  out  their  implementation  plans. 

12.  Water  Resources  Development  Act  of  1974,  P.L.  93-251,  March  7, 
1974.   Directs  agencies  to  consider  the  full  range  of  potentially  useful 
measures  in  all  projects  involving  reduction  of  flood  losses. 

13.  Colorado  River  Basin  Salinity  Control  Act  of  1974,  P.L.  93-320, 
88   Stat.  266,  43  U.S.C.  1571  et  seq.,  June  24,  1974.   This  Act  directs  the 
Department  of  the  Interior  to  undertake  research  and  develop  demonstration 
projects  to  identify  methods  to  improve  the  water  quality  of  the  Colorado 
River. 

14.  Federal  Land  Policy  and  Management  Act  of  1976,  as  amended, 
P.L.  94-579,  90  Stat.  2743,  43  U.S.C.  1701  et  seq.,  October  21,  1976.   This 
Act  provides  for  management  of  the  public  lands  under  principles  of 
multiple  use  and  sustained  yield.   The  Act  specifically  calls  for  the 
periodic  and  systematic  inventory  of  public  land  resources;  the 
development,  maintenance,  and  revision  of  land-use  plans  using  an 
interdisciplinary  approach;  and  compliance  with  State  and  Federal  air  and 
water  pollution  standards.   The  Act  further  directs  the  Secretary  of  the 
Interior  to  take  any  action  necessary  to  prevent  "unnecessary  or  undue 
degradation  of  the  lands." 
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15.  Clean  Air  Act  Amendments  of  1977,  P.L.  95-95,  91  Stat.  685,  42 
U.S.C.  7401  et  seq.,  August  7,  1977.   This  Act  revises  the  Clean  Air  Act  of 
1970,  as  previously  amended.   The  Act  provides  for  the  "prevention  of 
significant  deterioration"  of  air  quality  and  places  significant  responsi- 
bility upon  the  Federal  land  manager  for  protection  and,  in  certain  cases, 
for  enhancement  of  air  quality  and  air  quality  related  values  including 
visibility. 

16.  Safe  Drinking  Water  Amendments  of  1977,  amended  Section  2  of  the 
Safe  Drinking  Water  Act,  P.L.  95-190,  42  U.S.C.  201,  November  16,  1977. 
These  amendments  require  the  BLM  to  be  in  compliance  with  all  Federal, 
State,  or  local  statutes  for  safe  drinking  water.   The  BLM  campgrounds  and 
recreation  site  water  supply  systems  are  affected. 

17.  Clean  Water  Act  of  1977,  as  amended,  P.L.  95-217,  33  U.S.C.  404, 
December  27,  1977.  This  Act  requires  the  BLM  to  participate  with  State  and 
Federal  Governments  in  water  quality  planning  and  permitting  activities. 

It  requires  exchanging  data,  resource  planning,  revising  standards,  and 
developing  best  management  practices  for  the  control  of  nonpoint  source 
pollution.   In  many  States,  the  BLM  has  been  appointed  the  designated 
management  agency  responsible  for  control  of  nonpoint  pollution  on  public 
lands. 

18.  Public  Rangelands  Improvement  Act  of  1978,  P.L.  95-514,  92  Stat. 
1803,  43  U.S.C.  1901  et  seq.,  October  25,  1978.   This  Act  establishes  and 
reaffirms  a  policy  to  maintain  an  inventory  of  range  conditions  and  trends 
and  to  manage  for  improvement  of  the  public  rangelands  so  that  they  become 
as  productive  as  feasible.   The  Act  establishes  a  national  policy  to 
Inventory  and  identify  current  public  rangelands'  soil  and  water  conditions 
and  trends  and  to  manage,  maintain,  and  improve  the  condition  of  these 
lands.   Range  improvement  is  defined  to  include  providing  water, 
stabilizing  soil  and  water  conditions,  and  providing  habitat  for  wildlife. 
The  Act  also  requires  monitoring  to  reflect  changes  in  soil  and  water 
conditions  over  time. 

19.  Classification  and  Multiple-Use  Act  (78  Stat.  986,  43  U.S.C. 
1411-18),  43  CFR  1725.3-3(h)  as  of  October  1,  1981.   One  of  the  10 
objectives  of  public  land  management  listed  in  the  Act  is  "Watershed 
Protection,"  which  is  defined  as  the  protection,  regulated  use,  and 
development  of  any  public  lands  in  a  manner  to  control  runoff;  to  minimize 
soil  erosion,  siltation,  and  other  destructive  consequences  of  uncontrolled 
water  flows;  and  to  maintain  and  improve  storage,  yield,  quality,  and 
quantity  of  surface  and  subsurface  waters. 
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20.  Farmland  Protection  Policy  Act.  Title  XV,  Subtitle  I  of 

P.L.  97-98,  95  Stat.  1341,  7  U.S.C.  4201  et  seq.,  December  22,  1981.   This 
Act  directs  the-Department  of  Agriculture  and  other  Federal  agencies  to 
take  steps  to  assure  that  their  actions  do  not  cause  an  irreversible 
conversion  of  the  Nation's  farmland  to  nonagricultural  uses.   "Farmland," 
as  defined  in  the  Act  in  7  CFR  657.5,  may  include  land  currently  used  to 
produce  livestock  and  timber. 

21.  Annual  Appropriation  Act  of  the  Department  of  the  Interior  and 
Related  Agencies.  This  Act  provides  the  conditions  for  which  the  BLM  may 
use  appropriated  funds  in  the  soil,  water,  and  air  programs  for  the  fiscal 

year  for  which  it  was  passed. 

B.   Executive  Orders. 

1.  Executive  Order  (Public  Water  Reserve  No.  107)  of  April  17,  1926 
(36  Stat.  847).   Important  springs  and  waterholes  on  public  lands  were 
withdrawn  and  reserved  for  public  use. 

2.  Executive  Order  11514,  March  5,  1970,  as  amended  by  Executive 
Order  11991,  May  24,  1977.   This  amended  Order  states  that  the  Federal 
Government  shall  provide  leadership  in  protecting  and  enhancing  the  quality 
of  the  Nation's  environment  to  sustain  and  enrich  human  life.   It  provides 
for  monitoring,  evaluation,  and  control  on  a  continuing  basis  of  the 
activities  of  each  Federal  agency  so  as  to  protect  and  enhance  the  quality 
of  the  environment.   Agencies  shall  also  develop  programs  and  measures  to 
protect  and  enhance  environmental  quality,  and  exchange  data  and  research 
results  and  cooperate  with  other  agencies  to  accomplish  the  goals  of  the 
NEPA. 

3.  Executive  Order  11738,  September  10,  1973.   This  Order  directs 
each  Federal  agency  to  enforce  the  Clean  Air  Act  and  the  Clean  Water  Act  in 
the  procurement  of  goods,  materials,  and  services. 

4.  Executive  Order  11752,  December  17,  1973.   This  Order  mandates 
that  Federal  agencies  shall  provide  national  leadership  to  protect  and 
enhance  the  quality  of  air,  water,  and  land  resources  through  compliance 
with  applicable  Federal,  State,  interstate,  and  local  pollution  standards. 
This  order  cross-references  the  need  to  comply  with  several  environmental 
acts  such  as  the  Clean  Air  Act,  Federal  Water  Pollution  Control  Act,  Solid 
Waste  Act,  Noise  Control  Act,  Insecticide  and  Pesticide  Acts,  and  NEPA. 
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5.  Executive  Order  11988.  May  24,  1977,  Floodplain  Management,  as 
amended  by  Executive  Order  12148.   Under  the  amended  Order,  each  Federal 
agency  is  directed  to  take  action  to  avoid  the  long-  and  short-term  adverse 
impacts  associated  with  the  occupancy  and  modification  of  floodplains. 
Agencies  are  further  required  to  avoid  direct  or  indirect  support  of 
floodplain  development  whenever  there  is  a  practicable  alternative. 

6.  Executive  Order  11990,  May  24,  1977,  Protection  of  Wetlands. 
This  Order  directs  Federal  agencies  to  take  action  to  minimize  the 
destruction,  loss,  or  degradation  of  wetlands  and  to  preserve  and  enhance 
the  natural  and  beneficial  value  of  wetlands  in  carrying  out  programs 
affecting  land  use. 

7.  Executive  Order  12322,  September  17,  1981.   Under  this  Order,  any 
report,  proposal,  or  plan  relating  to  a  Federal  or  federally  assisted  water 
and  related  land  resources  project  or  program  must  be  submitted  to  the 
Director,  Office  of  Management  and  Budget,  before  submission  to  Congress. 

C .   Circulars. 

1.  0MB  (Office  of  Management  and  Budget)  Circular  A-67  (August  28, 
1964) .   This  Circular  provides  guidelines  for  coordination  of  water  data 
activities  and  states  that  the  U.S.  Geological  Survey  shall  acquire  basic 
water  data  on  the  water  resources  of  the  Nation.   It  further  states  that 
other  agencies  shall  acquire  special  water  data  in  support  of  their 
respective  missions  and  that  these  activities  be  closely  coordinated  to 
assure  effective  and  economical  management  of  resources. 

2.  Circular  A-78,  Reporting  Requirements  in  Connection  with 
Prevention,  Control,  and  Abatement  of  Air  Pollution  at  Existing  Federal 
Facilities. 

3.  Circular  A-81,  Reporting  Requirements  in  Connection  with 
Prevention,  Control,  and  Abatement  of  Water  Pollution  at  Existing  Federal 
Facilities. 

a.   Requires  Federal  agencies  to: 

(1)  ?leet  water  quality  standards  and  related  plans  which 
States  have  developed  under  the  Federal  Water  Pollution  Control  Act. 

(2)  Consult  with  the  Secretary  of  the  Interior  at  the  earliest 
feasible  time  to  determine  standards  applicable  to  particular  facilities 
and,  otherwise,  cooperate  with  him/her. 
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+•  (3)  Cooperate  with  State  and  local  pollution  control  agencies 

and  with  other  Federal  agencies  in  the  evaluation  of  their  pollution 
control  needs. 

4.  Circular  A-97,  Specialized  and  Technical  Services  to  State  and  Local 
Governments.  Sets  forth  rules  and  regulations  to  effect  Title  III  of  the 
Intergovernmental  Cooperation  Act  authorizing  Federal  agencies  to  provide 
reimbursable  technical  services  to  State  and  local  governments. 

.04  Responsibility.  Responsibilities  described  below  are  commensurate  with 
those  identified  in  approved  functional  statements  (see  BLM  Manual  Sections 
1211,  1212,  1213,  1214,  and  1216). 

A.  The  Director  and  Associate  Director  are  responsible  for  all  aspects  of 
policy  analysis  and  formulation  and  program  development  relating  to  soil, 
water,  air,  and  watershed  management  in  the  Bureau.  This  responsibility  is 
exercised  through  the  Deputy  Director  for  Lands  and  Renewable  Resources  and 
the  Assistant  Director  for  Renewable  Resources. 

B.  The  Service  Center  Director  Is  responsible  for  providing  soil,  water, 
watershed,  and  air  related  technical  support  upon  request  from  the 
Headquarters  Office  and  from  State  Directors  and  their  staffs. 

C.  State  Directors  are  responsible  for  formulating  policy  (within  limits 
delegated  by  the  Director)  and  for  developing,  directing,  and  coordinating  a 
statewide  soil,  water,  and  air  resource  and  watershed  management  program. 

D.  District  Managers  are  responsible  for  formulating  policy  (within  limits 
delegated  by  State  Directors)  and  for  developing,  directing,  and  coordinating 
a  Districtwide  soil,  water,  and  air  resource  and  watershed  management  program. 

E.  Resource  Area  Managers  are  responsible  for  implementing  District, 
State,  and  Bureau  soil,  water,  and  air  resource,  and  watershed  management 
policies  and  programs  within  their  designated  areas  of  jurisdiction. 

.05  References  (reserved). 
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.06  Policy.   It  is  the  policy  of  BLM  to: 

A.  Manage  the  public  lands  in  a  manner  that  will  protect  and  improve  the 
quality  of  the  soil,  water,  and  air  resources  and  watershed  values  associated 
with  public  lands. 

B.  Obtain  and  keep  current  needed  soil,  water,  and  air  resource 
Information  to  support  the  various  planning  and  multiple-use  management 
activities  associated  with  BLM  administered  public  lands. 

C.  Stop  the  deterioration  of  public  lands  due  to  accelerated  erosion  and 
runoff  and  rehabilitate  those  areas  where  watershed  values  are  significantly 

below  their  potential. 

D.  Coordinate  the  BLM's  soil,  water,  and  air  quality  activities  with  the 
related  programs  of  State,  local,  and  other  Federal  agencies  and  departments. 

E.  Provide  for  compliance  with  applicable  pollution  control  laws, 
including  State  and  Federal  air,  water,  or  other  pollution  control  standards, 
programs,  or  implementation  plans. 
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Glossary  of  Terms 

watershed;   the  area  contained  within  a  surface  hydrologic  drainage  divide 
above  a  specified  point  on  a  stream. 

watershed  management :   the  use,  regulation,  and  treatment  of  water  and  land 
resources  of  a  watershed  to  accomplish  stated  objectives,  primarily  the 
production  and  protection  of  water  supplies  and  water-based  resources, 
including  the  control  of  erosion  and  floods  and  the  protection  of  aesthetic 
values  associated  with  water. 

watershed  values;   soil  productivity  and  stability  and  the  storage,  yield, 
quality,  and  quantity  of  surface  and  subsurface  waters. 
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.01   Purpose.   This  Manual  Section  defines  the  policies  of  the  Bureau  of 
Land  Management's  (BLM)  Soil  Resource  Management  Program  with  specific 
emphasis  on  the  conduct  of  soil  surveys  and  their  related  functions. 

.02  Objectives.   The  Soil  Resource  Management  Program  is  designed  to 
provide  guidance  to  managers  and  resource  specialists  to: 

A.  Prevent  impairment  of  soil  productivity  due  to  accelerated  soil 
loss  or  physical  or  chemical  degradation  of  the  soil  resource. 

B.  Ensure  that  Bureau  management  actions  and  objectives  are  consistent 
with  soil  resource  capabilities. 

.03  Authority.   The  Soil  Resource  Management  Program  is  conducted  under 
these  major  authorities,  Executive  Orders,  and  Memoranda  of  Understanding 
(MOU).   (See  Manual  Section  7000.03.) 

A.  Desert  Land  Act  of  1977,  as  amended,  Chapter  107,  19  Stat.  377  (43 
U.S.C.  321  et  seq.;  March  3,  1877). 

B.  Economy  Act  of  1932,  as  amended,  P.L.  72-211,  47  Stat.  417  (31 
U.S.C.  686;  June  30,  1932). 

C.  Taylor  Grazing  Act  of  1934,  as  amended,  P.L.  73-482,  48  Stat.  1269 
(43  U.S.C.  315;  June  28,  1934). 

D.  Soil  Conservation  and  Domestic  Allotment  Act  of  1935,  as  amended, 
P.L.  74-46,  49  Stat.  163  (16  U.S.C.  590;  April  27,  1935). 

E.  Revested  Oregon  and  California  Railroad  and  Reconveyed  Coos  Bay 
Wagon  Road  Grant  Lands  Act  of  1937,  as  amended,  P.L.  75-405,  50 
Stat.  874  (43  U.S.C.  1181;  August  28,  1937). 

F.  Soil  Information  Assistance  for  Community  Planning  and  Resource 
Development  Act  of  1966,  P.L.  89-560,  80  Stat.  706  (42  U.S.C.  3271 
et  seq.;  September  7,  1966). 

G.  Federal  Land  Policy  and  Management  Act  of  1976,  as  amended,  P.L. 
94-579,  90  Stat.  2743  (43  U.S.C.  1701  et  seq.;  October  21,  1976). 

H.   Surface  Mining  Control  and  Reclamation  Act  of  1977,  P.L.  95-87,  91 
Stat.  445  (30  U.S.C.  1201  et  seq.;  August  1977). 

I.   Soil  and  Water  Resources  Conservation  Act  of  1977,  P.L.  95-192,  91 
Stat.  1407  (16  U.S.C.  2001  et  seq.;  November  8,  1977). 

J.   Public  Rangelands  Improvement  Act  of  1978,  P.L.  95-514,  92  Stat. 
1803  (43  U.S.C.  1901  et  seq.;  October  25,  1978). 
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K.   Farmland  Protection  Policy  Act  of  1981,  Title  XV,  Subtitle  I  of 
P.L.  97-98,  95  Stat.  1341  (7  U.S.C.  4201  et  seq.;  December  22, 
1981). 

L.   Executive  Order  11514,  March  5,  1970. 

M.   Executive  Order  11611,  February  8,  1972. 

N.   Memorandum  of  Understanding  between  the  BLM,  U.S.  Department  of 
the  Interior,  and  the  Soil  Conservation  Service  (SCS),  U.S. 
Department  of  Agriculture  (USDA),  Relative  to  the  Making  of  Soil 
Surveys  on  Lands  Administered  by  the  Bureau  of  Land  Management, 
July  8,  1978. 

.04   Responsibility.   (See  Manual  Section  7000.04.) 

.05   References. 

A.  Manual  Section  7000. 

B.  National  Soils  Handbook  (NSH),  USDA-SCS,  430-VI-NSH,  issued  July 
1983.   The  NSH  serves  as  a  technical  supplement  to  this  Manual 
Section,  providing  operational  procedures  for  the  National 
Cooperative  Soil  Survey  (NCSS)  program.   References  to  specific 
portions  of  the  NSH  appear  throughout  this  Manual  Section. 

C.  Soil  Survey  Manual  (SSM),  USDA  Handbook  No.  18,  issued  August 
1951,  and  amendments.   The  SSM  serves  as  a  technical  supplement  to 
this  Manual  Section,  providing  the  major  principles  and  concepts 
for  making  and  using  soils  surveys  and  the  standards  and 
conventions  for  describing  soils.   References  to  specific  portions 
of  the  SSM  appear  throughout  this  Manual  Section. 

.06   Policy.   It  is  the  policy  of  the  BLM  to: 

A.  Collect  and  maintain  soil  resource  information  at  a  level  of 
intensity  consistent  with  management  needs  and  in  accordance  with 
the  NCSS  program. 

B.  Develop,  test,  and  apply  soil  interpretations  to  guide  the  use  and 
management  of  the  soil  and  related  resources. 

.07   National  Cooperative  Soil  Survey  (NCSS).   The  Bureau  is  a  member 
agency  of  the  NCSS  program.   The  NCSS  program  is  a  joint  effort  of 
cooperating  Federal  agencies,  land-grant  universities,  and  other  State 
and  local  agencies  to  describe,  classify,  map,  interpret,  and  promote  the 
use  of  soil  information.   The  Bureau  recognizes  and  adopts  NCSS  standards 
for  the  collection  and  interpretation  of  soils  data.   This  strengthens 
the  Bureau's  soil  program,  but  carries  with  it  the  responsibility  to 
actively  participate  in  NCSS  efforts  to  develop,  test,  and  update 
standards  to  ensure  that  Bureau  needs  are  adequately  addressed. 
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.1  Soil  Resource  Management  Program.   The  BLM's  Soil  Resource  Management 
Program  is  administered  as  part  of  the  Soil,  Water,  and  Air  Management 
activity. 

.11  Function.  The  Program  has  two  distinct,  though  closely  related, 
functions. 

A.  Watershed  Management.   Soil  and  water  are  basic  components  of 
any  watershed.  Accordingly,  soil  scientists  and  hydrologists  provide 
disciplinary  expertise  for  sound  watershed  management  on  the  public 
lands. 

B.  Support  Services.   The  Soil  Resource  Management  Program  also 
provides  support  services  to  other  resource  activities.  These  are  called 
basic  soil  services.   Such  service  provides  support  to  other  resource 
activities  that  include  advice,  counsel,  onsite  evaluations,  and 
specialized  studies.  More  specific  information  about  basic  soil  services 
is  covered  in  the  NSH,  Section  600.03-9. 
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•2   Soil  Survey.   Soil  survey  is  not  simply  soil  mapping.   It  is  the 
systematic  examination,  description,  classification,  mapping,  and 
interpretation  of  the  soil  resource  in  a  given  geographic  area. 
Effective  and  efficient  management  of  Bureau-administered  lands  depends 
on  the  reliability  and  timeliness  of  such  information. 

.21  Operations  Management.   To  identify  soil  resource  information 
needs,  to  coordinate  BLM  activities  with  other  members  of  the  NCSS 
program,  and  to  assure  a  smooth  flow  of  work,  cooperative  efforts  must  be 
accomplished  at  the  national,  regional,  State,  and  District  levels. 

A.  National  Level. 

1.  The  National  Long-Range  Soil  Survey  Plan  is  developed  and 
maintained  in  the  BLM  Headquarters  Office.   It  shows  the  status  of  soil 
survey  work  on  Bureau-administered  lands  and  identifies  future  data  needs 
and  Bureauwide  priorities.   The  Plan  aids  in  the  budgeting  of  funds  and 
the  scheduling  of  work  .for  the  efficient  and  orderly  completion  of  soil 
survey  on  all  Bureau-administered  lands. 

2.  National  soil  survey  work-planning  conferences  are  held  in 
odd-numbered  years  to  discuss  and  resolve  issues  of  national  concern  to 
the  NCSS  program.   (See  NSH,  Section  600.03-1.)  A  Bureau  representative 
serves  as  a  permanent  member  of  the  conference  steering  committee. 

3.  A  national  MOU  between  the  BLM  and  the  SCS  guides  the 
actions  of  each  agency  in  the  conduct  of  cooperative  soil  survey  work  on 
Bureau-administered  lands. 

B.  Regional  Level. 

1.   Regional  soil  survey  work-planning  conferences  are  held  in 
even-numbered  years  to  discuss  and  resolve  issues  of  regional  concern  to 
the  NCSS  program.   One  Bureau  representative  from  each  of  the  11  Western 
States  (Alaska,  Arizona,  California,  Colorado,  Idaho,  Montana,  Nevada, 
New  Mexico,  Oregon,  Utah,  and  Wyoming)  and  one  representative  from  the 
Denver  Service  Center  (DSC)  serve  as  voting  members  of  the  Western 
Regional  Conference.   (See  NSH,  Section  600.03-2.)  Bureau 
representatives  to  other  regional  conferences  are  recommended  by  the 
Headquarters  Office  as  deemed  necessary. 

C.  State  Level. 

1.   The  State  Long-Range  Soil  Survey  Plan  is  developed  and 
maintained  in  the  State  Office.   It  shows  the  status  of  soil  survey  on 
Bureau-administered  lands  within  the  State  and  identifies  future  data 
needs  and  statewide  priorities.   The  Plan  aids  in  the  budgeting  of  funds 
and  the  scheduling  of  work  to  meet  management  objectives.   (See  NSH, 
Section  600.03-3.) 


Rel.  7-87 
BLM  MANUAL  8/15/84 


•21Cla 


7100  -  SOIL  RESOURCE  MANAGEMENT 


a.  Determining  Priorities.   Priorities  for  soil  surveys 
within  the  State  are  determined  by  the  State  Director.   The  following 
factors  should  be  considered  in  setting  priorities: 

(1)  Information  needs  in  support  of  the  Bureau  Planning 
System. 

(2)  Baseline  data  needs  for  monitoring  studies. 

(3)  Other  proposed  or  anticipated  actions  where  soil- 
related  effects,  influences,  or  impacts  will  be 
analyzed. 

b.  Scheduling  Soil  Survey  Work.   As  a  NCSS  cooperator,  the 
BLM  must  coordinate  soil  survey  activities  with  the  SCS  to  maintain 
uniform  workflow  through  the  publication  stage.   (See  NSH,  Sections 
601.04-5  and  601.04-6.)  The  Computer  Aided  Scheduling  of  Published  Soil 
Surveys  (CASPUSS)  system  is  designed  to  compile  schedules  and  standardize 
the  administrative  data  necessary  to  coordinate  the  NCSS  program.   (See 
NSH,  Exhibits  601-1  and  601-2.) 

2.  State  soil  survey  conferences  are  held  annually  to  discuss 
and  resolve  issues  of  statewide  concern  to  the  NCSS  program.   The  Bureau 
is  represented  by  the  State  soil  scientist  or  a  qualified  designee.   This 
conference  provides  an  opportunity  to  review  the  State  long-range  plan 
(see  .21C1)  and  to  coordinate  soil  survey  work  schedules  in  support  of 
the  Bureau's  annual  work  planning  process. 

3.  A  State-level  MOU  should  be  developed  among  the  appropriate 
cooperators,  generally  the  BLM,  the  SCS,  and  the  State  Agricultural 
Experiment  Station.   This  agreement  defines  the  general  responsibilities 
of  each  cooperator  for  all  soil  surveys  on  Bureau-administered  lands 
within  the  State.   (See  NSH,  Section  601.02-l(a) . ) 

4.  A  survey  area  MOU  (work  plan)  must  be  developed  for  each 
soil  survey  area  containing  Bureau-administered  land.   This  work  plan  may 
take  the  form  of  an  annual  amendment  to  the  State-level  MOU  (see  .21C3) 
or  a  separate  MOU.   In  either  case,  included  are  the  purpose  of  the 
survey,  specific  design  criteria,  desired  interpretations,  and  a  detailed 
definition  of  responsibilities  regarding  publication,  interim  reports, 
quality  control,  and  any  cost  reimbursement  provisions.   This  work  plan 
should  be  prepared  in  close  cooperation  with  the  District  staff.   (See 
NSH,  Section  601.02-l(b) . ) 
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D.   District  Level.   A  workload  analysis  should  be  prepared  by  the 
District  staff,  prior  to  developing  a  survey  area  MOU.   This  analysis 
should  include  a  determination  of  acres  to  be  mapped,  personnel  available 
for  mapping,  additional  mapping  personnel  needs,  time  requirements  for 
other  resource  specialists  (e.g.,  range,  wildlife,  forestry, 
engineering),  vehicle  and  other  equipment  needs,  etc.   The  actual 
procedure  and  format  for  the  analysis  is  determined  by  the  State  and 
District  staffs.   Guidance  is  given  in  NSH,  Sections  601.04-1  and 
601.01-2;  although,  any  method  that  gives  the  desired  results  is 
acceptable. 

.22   Soil  Classification  and  Mapping.   The  primary  objective  of  any 
soil  survey  is  to  provide  reliable  soil  resource  information  consistent 
with  the  purpose  of  the  survey.   To  help  meet  this  objective,  an 
experienced  soil  scientist  must  serve  as  the  Contracting  Officer's 
Authorized  Representative  (COAR)  on  all  contract  soil  surveys.   In 
addition,  all  soil  surveys  on  Bureau-administered  lands  must  meet  the 
technical  standards  of  the  NCSS  program. 

A.  National  Cooperative  Soil  Survey.   Standards  and  procedures  for 
classifying  and  mapping  soils  are  set  forth  in  the  following  publications: 

1.  Soil  Taxonomy  (USDA  Handbook  436,  December  1975)  and 
amendments.   This  publication  provides  the  common  base  for 
the  organization  of  knowledge  about  soils  and  the  standards 
for  their  grouping  into  taxonomic  classes.   (See  NSH, 
Section  602.00-1.) 

2.  Soil  Survey  Manual  (USDA  Handbook  18,  August  1951)  and 
revisions.   This  Manual  provides  the  fundamental  principles 
and  the  general  procedures  for  making  soil  surveys.   (See 
NSH,  Section  602.00-2.) 

3.  National  Soils  Handbook.   The  NSH  provides  policy  and 
procedures  for  carrying  out  the  NCSS  program.   (See  NSH, 
Part  600.00,  Sections  600.01  and  602.00-3.) 

B.  Survey  Design.   Each  soil  survey  must  be  designed  to  meet  the 
needs  of  the  users.   This  requires  a  knowledge  of  survey  design 
alternatives  and  an  awareness  of  management  issues  and  concerns  in  the 
survey  area. 

1.   Design  Criteria.   There  are  four  major  attributes  of  a 
survey  that  can  be  manipulated  to  meet  specific  management  needs.   (See 
NSH,  Section  602.01-5.) 

a.   Kinds  of  Mapping  Units.   There  are  three  main  kinds  of 

mapping  units  used  in  surveys  on  Bureau-administered  lands. 

Consociations  are  dominated  by  a  single  component,  while  associations  and 

complexes  have  two  or  more  dominant  components.   (See  Glossary  of  Terms 

for  more  detailed  definitions.) 
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b.  Components  of  Mapping  Units.  Mapping  unit  components  are 
identified  as  either  soil  taxa  or  miscellaneous  areas.   Soil  taxa  are 
named  at  some  level  of  soil  taxonomy  (i.e.,  Order,  Suborder,  Great  Group, 
Subgroup,  Family,  Series).  Miscellaneous  areas  (e.g.,  badland,  rock 
outcrop)  have  little  or  no  identifiable  soil  or  have  some  highly 
unfavorable  attribute  which  would  override  most  use  and  management 
options.   The  choice  of  components  and  the  level  at  which  soil  taxa  are 
named  depends  on  the  use  of  the  survey  data.   Normally,  the  soil  series 
will  be  the  basic  taxon  mapped  on  Bureau-administered  lands.   Phases  of 
series  will  be  the  most  common  component  of  mapping  units.   Written 
approval  from  the  Headquarters  Office  must  be  obtained  prior  to 
establishing  a  mapping  legend  which  primarily  utilizes  any  category  above 
the  series  level. 

c.  Field  Procedures.   Specific  field  procedures  determine 
the  precision  with  which  the  composition  of  mapping  units  is  described 
and  the  accuracy  of  the  mapping  unit  boundaries.   There  are  four  basic 
procedures:   transect,  traverse,  observation,  and  air  photo 
interpretation.   (See  Glossary  of  Terms  for  detailed  definitions.) 

d.  Map  Scale.   The  chosen  map  scale  dictates  the  smallest 
unit  that  can  be  delineated  on  the  map.   Generally,  this  is  a  1/4  x  1/4 
inch  square  or  a  circular  area  of  1/16  square  inch.   In  practice,  this  is 
the  smallest  unit  around  which  a  line  can  be  drawn  in  which  a  symbol  can 
be  placed.   (See  SSM,  Chapter  2,  pages  2-15.) 

2.   Standard  Orders  of  Intensity.   There  are  five  standard 
orders  of  soil  survey  intensity,  each  defined  in  terms  of  the  four  design 
criteria  listed  above  (see  .22B1).   An  Order  3  survey  is  the  approved 
level  of  intensity  for  most  Bureau-administered  rangelands.   Surveys  of 
greater  or  lesser  intensity  may  be  conducted  on  specific  sites  depending 
upon  resource  values  and  the  level  of  detail  needed  for  management 
decisionmaking.   The  characteristics  of  each  level  of  intensity  are  given 
in  SSM,  Chapter  2,  pages  2-14. 

C.   Quality  Control.   Soil  correlation  is  a  quality  control  process 
to  ensure  that  kinds  of  soil  are  adequately  defined,  accurately  mapped, 
and  uniformly  named  in  all  soil  surveys.   In  practice,  the  correlation 
process  may  be  divided  into  two  parts,  informal  and  formal. 

1.   Informal  Correlation.   The  informal  portion  involves 
day-to-day  quality  control  efforts  and  is  the  primary  responsibility  of 
the  survey  party  leader.   Informal  correlation  also  includes  periodic 
field  reviews  to  assist  the  party  leader.   In  areas  consisting  of 
predominantly  Bureau-administered  land,  the  Bureau  is  responsible  to 
ensure  that  specific  provisions  of  the  soil  survey  work  plan,  including 
Field  reviews,  are  carried  out.   Individual  agency  responsibilities  in 
the  Field  review  process  must  be  defined  in  the  work  plan  (see  .21C4). 
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2.   Formal  Correlation.   There  are  two  steps  to  formal 
correlation,  the  field  correlation  (usually  combined  with  the  final  Field 
review)  and  the  final  correlation.  Formal  correlation  can  be  greatly 
simplified  by  a  conscientious,  informal  correlation  effort  throughout  the 
survey.   In  all  survey  areas,  regardless  of  land  ownership  or  administra- 
tion, the  SCS  is  responsible  for  formal  correlation.   Cooperative 
planning  and  scheduling  of  correlation  and  related  activities  are 
essential  for  the  SCS  to  carry  out  this  responsibility  in  a  timely 
manner.   (See  NSH,  Section  602.004(b)(2).) 

.23  Soil  Interpretations.   Soil  interpretations  are  predictions  of 
soil  behavior  or  soil  suitability  for  specific  land  uses  or  management 
practices.   They  do  not  preclude  management  actions,  but  rather  provide  a 
manager  with  a  reasonable  guide  to  the  risks,  limitations,  and  probable 
outcome  of  a  particular  use  or  practice.   The  level  of  intensity  of  soil 
mapping  and  the  design  of  soil  map  units  determine  the  kind  of  soil 
interpretations  that  can  logically  be  made.   Interpretations  can  be  no 
more  specific  than  the  degree  of  map  unit  refinement  and  the  displayed 
mapping  detail.   Accordingly,  interpretive  needs  should  be  identified 
prior  to  initiation  of  extensive  soil  mapping  (see  .21D).   Data  for 
site-specific  interpretations  are  better  obtained  through  onsite 
evaluations  (see  .3),  since  a  suitable  mapping  intensity  over  an  entire 
survey  area  would  be  impractical. 

A.  Standard  Interpretations.   Several  different  soil 
interpretations  have  been  formally  developed,  tested,  and  approved  for 
application  through  the  NCSS  program.   They  appear  in  NSH,  Tables  603-10 
through  603-43.   These  interpretations,  when  applicable,  should  be  used 
Bureauwide.   Any  revision  of  standard  interpretations  must  be  approved  in 
writing  by  the  Headquarters  Office. 

B.  New  Interpretations.   Additional  interpretations  not  provided 
for  in  the  standard  list  (see  ,23A)  are  needed  for  rangeland  and 
forestland  applications.   Examples  include  soil  interpretations  for 
mantle  stability  (landslide  hazard),  prescribed  burning,  rangeland 
seeding,  use  of  specialized  equipment,  fence  construction,  wildfire 
rehabilitation,  grazing  systems,  unsurfaced  roads,  plantability  of  tree 
seedlings,  and  Desert  Land  Entry  (DLE)  clearances. 

1.   Initiation.   The  need  for  new  interpretations  is  often 
identified  at  the  District  or  Resource  Area  level,  though  may  originate 
at  any  level.   The  initial  step  is  to  select  preliminary  soil  criteria 
that  relate  to  the  use  or  practice  in  question.   Criteria  consist  of 
specific  soil  properties  and  rating  classes.   These  criteria  are  based  on 
professional  judgment  and  any  pertinent  technical  guides  or  other 
available  information  from  the  BLM;  other  Federal,  State,  or  local 
agencies;  universities;  professional  societies;  and  scientific 
literature.   The  source  and  rationale  for  criteria  must  be  documented  as 
part  of  the  interpretation.   Preliminary  interpretations  are  then 
submitted  to  the  appropriate  State  Office(s)  for  testing  and  coordination. 
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2.  Testing  and  Coordination.   Testing  consists  of  evaluating 
the  specific  criteria  for  adequacy  and  verifying  the  rating  classes 
against  actual  field  observations  and  any  available  records  on  the 
results  of  similar  actions.   Specific  assignments  should  be  made  for 
testing  (e.g.,  District  soil  scientists,  DSC  soil  scientists)  and  the 
responsibilities  programmed  and  tracked  through  the  annual  work  plan 
process.   This  ensures  timely  completion  of  testing.   To  establish  broad 
credibility  for  a  new  interpretation,  other  resource  specialists  from 
within  the  BLM  and  from  participating  NCSS  agencies  in  the  State  should 
be  consulted  for  review  and  for  any  available  data  by  which  to  evaluate 
the  new  interpretation.   The  State  Director  or  designee  is  responsible 
for  this  coordination  during  the  testing  phase. 

3.  Preparation  of  Final  Interpretation.   When  testing  is 
completed  and  all  comments,  suggestions,  and  test  results  assembled,  a 
final  interpretation  is  prepared.   This  may  be  accomplished  by  the 
appropriate  State  Office  staff  specialist  or  by  any  other  individual  or 
group  appointed  by  the  State  Director.   Each  new  interpretation  must 
include  the  following  elements: 

a.  Assumptions.   (See  NSh  603  .03-3(d) ( 1)  for  example.) 

b.  References  (pertinent  sources  of  information  in  support 
of  interpretation  criteria). 

c.  Criteria  (soil  properties  and  rating  classes).   (See  NSH 
Table  603-24  for  example.) 

d.  Explanation  of  rating  classes.   (See  NSH  603.03-3(e) (2 ) 
for  example.) 

4.  Approval.   When  the  final  interpretation  has  been  prepared, 
it  must  be  approved  in  writing  by  the  State  Director  or  designee  prior  to 
extensive  application.   Once  approved,  the  interpretation  becomes  a  State 
supplement  to  this  Manual  Section  (i.e.,  7100).   Other  States,  upon 
written  approval  by  the  appropriate  State  Director  or  designee,  may  adopt 
the  interpretation  for  use.   Coordination  among  States  should  preclude 
major  differences  in  the  same  or  similar  interpretations.   However,  if 
two  or  more  States  approve  interpretations  for  the  same  use  or  practice 
that  contain  different  soil  properties,  have  different  rating  classes,  or 
otherwise  different,  the  Headquarters  Office  shall  have  final  authority 
to  require  modifications  if  deemed  necessary. 
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5.   Distribution  of  Interpretations.  Following  approval  of  new 
interpretations,  they  shall  be  distributed  as  follows: 

a.  Washington  Office  (WO-200). 

b.  Denver  Service  Center  (D-400). 

c.  All  State  Directors. 

d.  All  District  Managers  (within  approving  State). 

e.  State  Soil  Scientist,  SCS  (within  approving  State). 

f.  Principal  Soil  Correlator,  SCS  National  Technical  Center, 
Portland,  Oregon. 

.24   Survey  Investigations.   Soil  survey  investigations  are  made  in 
support  of  the  soil  survey.   They  provide  information  on  chemical  and 
physical  soil  properties  needed  for  characterization,  interpretation,  and 
classification.   (See  NSH,  Part  604.)   Laboratory  support  needs  should  be 
addressed  in  the  survey  area  MOU  (see  .21C4). 

.25   Survey  Reports. 

A.  U.S.  Department  of  Agriculture  Series.   The  SCS  has 
responsibility  for  publishing  soil  survey  reports  for  the  NCSS  program  as 
part  of  a  formal  USDA  publication  series.   Guidelines  for  the  publication 
of  surveys  on  lands  administered  by  Federal  agencies  are  given  in  NSH, 
Section  605.10.   Specific  agency  responsibilities  for  manuscript 
preparation  and  related  duties  should  be  addressed  in  the  survey  area  MOU 
(see  .21C4). 

B.  Interim  Reports.   Prior  to  publication  of  a  final  survey 
report,  the  BLM  may  use  or  publish  interim  information  as  required,  for 
within  Bureau  use.   Where  the  SCS  or  other  agency  is  conducting  a  survey 
on  Bureau-administered  lands,  the  need  for  interim  information  should  be 
clearly  documented  in  the  survey  area  MOU  (see  .21C4).   Interim 
publications  should  give  appropriate  credit  to  other  agencies  involved  in 
making  the  survey.   (See  NSH,  Section  605.08(b).) 
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.3  Onsite  Evaluations.  Most  soil  surveys  on  Bureau-administered  lands 
are  conducted  at  an  Order  3  level  of  intensity.   This  level  is  adequate 
for  general  planning  purposes  but  is  not  sufficient  for  site-specific 
planning,  analyses,  or  project  design  (e.g.,  water  developments,  erosion 
control  structures,  road  locations,  vegetation  manipulations,  DLE 
applications).   In  such  cases,  onsite  evaluations  are  conducted  by  soil 
scientists  to  evaluate  specific  soil  properties  and  site  characteristics 
important  for  project  success  and  to  aid  in  determining  design  criteria, 
associated  cost  factors,  and  potential  problems  or  hazards. 

.31   Reports.   The  results  of  onsite  evaluations  may  be  reported 
informally  (oral  communication)  or  in  formal  written  reports. 

A.  Required  Reports.   Formal  written  reports  are  required  whenever 
the  proposed  action  involves: 

1.  A  legal  appeal  or  litigation  or  where  such  action  is 
expected. 

2.  Estimated  project  costs  that  exceed  $1,000. 

3.  The  potential  for  serious  environmental  damage  or  safety 
hazards  either  onsite  or  offsite. 

B.  Report  Format.   Formal  written  reports  will  contain  the 
following  information  as  a  minimum: 

1.  Name  and  title  of  evaluator. 

2.  Date  of  evaluation. 

3.  Location. 

4.  Purpose. 

5.  Procedures  or  techniques  employed. 

6.  Findings  (e.g.,  observations,  revised  or  more  detailed  soil 
map)  . 

7.  Applicable  alternatives  (if  appropriate). 

8.  Conclusions  and/or  recommendations. 

C.  Environmental  Analysis.   Recommendations  or  conclusions  that 
result  from  an  onsite  evaluation  shall  become  a  part  of  any  environmental 
analysis  document. 
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.4   Soil  Information  Systems.   (Reserved) 
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.5   Training  and  Career  Development*   (Reserved) 
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Glossary  of  Terms 


-A- 

association,  soil:  a  group  of  soils  geographically  associated  in  a 
characteristic  repeating  pattern  and  defined  and  delineated  as  a 
single  map  unit. 

air  photo  interpretation:   plotting  boundaries  and  estimating  composition 
of  delineations  based  on  air  photo  features  that  have  been  related  to 
soils  and  landscape  features. 

-C- 

climax  vegetation:   the  stabilized  plant  community  on  a  particular  site. 
The  plant  cover  reproduces  itself  and  does  not  change  as  long  as  the 
environment  remains  the  same. 

complex,  soil:   a  map  unit  of  two  or  more  kinds  of  soils  in  such  an 

intricate  pattern  or  so  small  in  area  that  it  is  not  practical  to  map 
them  separately  at  the  selected  scale  of  mapping.   The  pattern  and 
proportion  of  the  soils  are  somewhat  similar  in  all  areas. 

consociation,  soil:   a  map  unit  in  which  one  kind  of  soil  or  a  kind  of 
miscellaneous  area  dominates  each  delineation. 

-0- 

observation:   visual  checking  of  landscape  features,  exposed  geological 
formations,  or  change  exposures  of  pedons  from  within  or  without  a 
delineation  to  project  boundaries  and  composition  from  previously 
determined  relations;  air  photos  may  be  used  as  guides.   This  is  a 
less  intensive  operation  than  traversing. 

-P- 

productivity ,  soil:   the  capacity  of  a  soil  for  producing  a  specified 
plant  or  sequence  of  plants  under  specific  management. 

-R- 

rangeland :   land  on  which  the  potential  natural  vegetation  is 

predominately  grasses,  grasslike  plants,  forbs,  or  shrubs  suitable  for 
grazing  or  browsing.   It  includes  natural  grasslands,  savannas,  many 
wetlands,  some  deserts,  tundras,  and  areas  that  support  certain  forb 
and  shrub  communities. 
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range  site:   an  area  of  rangeland  where  climate,  soil,  and  relief  are 

sufficiently  uniform  to  produce  a  distinct  natural  plant  community.   A 
range  site  is  the  product  of  all  the  environmental  factors  responsible 
for  its  development.   It  is  typified  by  an  association  of  species  that 
differ  from  those  on  other  range  sites  in  kind  or  proportion  of 
species  or  total  production. 

-S- 

soil:   the  collection  of  natural  bodies  on  the  Earth's  surface,  in  places 
modified  or  even  made  by  man  of  earthy  materials,  containing  living 
matter  and  supporting,  or  capable  of  supporting,  plants  out  of  doors. 
Soil  is  a  natural  medium  for  the  growth  of  land  plants,  whether  or  not 
it  has  discernible  soil  horizons. 

soil  classification:   the  systematic  arrangement  of  soils  into  groups  or 
categories  on  the  basis  of  their  characteristics.   Broad  groupings  are 
named  on  the  basis  of  general  characteristics,  and  subdivisions  on  the 
basis  of  more  detailed  difference  in  specific  properties. 

soil  management:   all  activities  in  soil  identification,  classification, 
and  interpretation  of  soil  behavior  (potential  and  limitations) 
related  to  land  use  and  the  sum  total  of  all  land  treatments,  soil 
productivity,  and  other  special  treatments  conducted  on  a  soil. 

soil  survey:   A  field  investigation  resulting  in  a  soil  map  showing 

geographic  distribution  of  different  kinds  of  soil  and  an  accompanying 
report  that  describes,  defines,  classifies,  and  interprets  for  use  the 
different  kinds  of  soil.   The  interpretations  predict  how  the  soil 
behaves  for  different  uses  and  responds  to  various  management  systems. 

-T- 

transect:   (1)  The  field  procedure  of  crossing  delineations  or  landscape 
units  along  selected  lines  to  determine  the  pattern  of  polypedons  with 
respect  to  landforms,  geologic  formations,  or  other  observable 
features.   (2)  Identifying  pedons  at  regular  spaced  intervals  (i.e., 
gridding) . 

traverse:   validation  of  the  predicted  boundaries  or  composition  of  a 
delineation  by  entering  it  or  crossing  it  and  identifying  pedons  at 
selected  or  random  positions. 
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.01   Purpose.      This   Manual   Section   presents   overall  objectives,    responsibilities 
and  policies   for  conducting  the   Bureau's  Water  Resources  Program. 

.02  Objectives. 

A.  Maintain  or  improve  surface  and  ground  water  quality  consistent  with 
existing  and  anticipated  uses  and  applicable  State  and  Federal  water  quality 
standards; 

B.  Minimize  the  harmful  consequences  of  uncontrolled  water  flows  on 
or  arising  from  Bureau-administered  lands; 

C.  Provide  for  the  physical  andlegal  availability  of  water  to  facilitate 
authorized  uses  of  the  public  lands. 

.03  Authority.   The  authorities  for  the  water  resources  program  are  listed 
and  annotated  in  BLM  Manual  Section  7000.03. 

.04  Responsibility. 

A.  The  Director  and   Deputy   Director,  are  responsible  for: 

1.  Establishing  Bureauwide  objectives,  formulating  and  analyzing 
national  level  policies,  and  settling  national  priorities  for  the  conduct  of 
the  water  resources  program; 

2.  Preparing,  evaluating,  and  revising  Bureau  Manuals,  Handbooks, 
and  Technical  References  to  maintain  a  current  system  of  policy  documentation 
and  program  guidance; 

3.  Providing  liaison  at  the  national  level  with  other  Federal 
agencies  and  et*w  oganizations 

4.  Ensuring  internal  coordination  between  the  Water  Resources 
Program  and  other  Bureau  Programs. 


e. 

B.  The  SErvice  Center  Director  is  responsible  for  providing  technical   ~~_ 
support  to  the  Headquarters  Office  and  Field  Offices  by: 

r 

1.  Responding  to  Field  Ogfice  requests  for  technical  assistance 
and/or  training; 

2.  Developing,  testing,  evaluating,  and  making  recommendations  to 
the  Headquarters  Office  on  the  applicability  of  new  technologies  for  the 
collection,  storage  and  retrieval,  analysis  and  interpretation,  and  application 
of  water  resources  data;  

3.  Preparing  water  resource  handbooks,  technical  notes  and  references, 
and  other  field-oriented  guidance  at  the  direction  of  the  Headquarters  Office; 

A.  Providing  liaison  with  research  agencies,  educational  institutions, 
and  professional  organizations  to  maintain  a  "state-of-the-art"  level  of 
knowledge  in  water  resources. 


C.  State  Directors  are  responsible  for  achieving  the  Bureau's  water 
resource  program  objectives  (.02)  within  their  respective  States  by: 

1-  Interpreting  Bureauwide  water  resource  policies,  setting  State 
water  resource  priorities,  and  preparing  supplemental  program  directives  for 
Statewide  application; 

2.  Providing  liaison  with  other  Federal  agencies,  State  agencies, 
user  groups,  and  adjoining  BLM  State  Offices  to  ensure  a  coordinated  water 
resources  program; 

3.  Evaluating  Statewide  water  resource  program  effectiveness 
through  periodic  analyses  of  related  decisions  and  products  (e,g.  RMP's, 
activity  plans,  monitoring  plans); 

4.  Providing  or  otherwise  making  available  training  and  technical 
support  to  ensure  that  water  resource  program  personnel  are  profess ionalTj^ 
equiped  to  comply  with  established  technical  standards. 


D.  District  Managers  are  responsible  for  achieving  Bureau  and  State    "_.- 
water  resource  program  objectives  within  their  respective  District  boundaries 
by: 

1.  Interpreting  Bureau  and  State  water  resource  policies,  setting 
District  water  resource  priorities,  and  preparing  supplemental  program 
directives  and  guidelines  for  Districtwide  application; 

2.  Cooperating  with  other  Federal,  State,  and  local  agencies,  user 
groups,  and  adjoining  BLM  D\istrict  Offices  to  ensure  a  coordinated  water 
resources  program; 

3.  Evaluating  Districtwide  water  resource  program  effectiveness 
by  periodically  reviewing  and  evaluating  Recource  Area  work  accomplishments 

for  technical  adequacy  and  compliance  with  Bureau,  State,  and  District  policies; 

A.  Maintaining  sufficient  technical  expertise  within  the  Djlstrict 
organization  and  Resource  Area  organizations  to  ensure  that  water  resource 
issues  are  identified  and  addressed  in  accordance  with  established  profes- 
sional and  technical  standards. 


E.  Resources  Area  Managers  are  responsible  for  achieving  Bureau,  State, 
and  District  water  resource  program  objectives  within  their  respective  Resource 
Area  boundariess  by: 

1.  Conducting  water  resource  inventories  to  provide _baseline  data 
on  water  sources/uses,  water  quality,  water  quantity,  and  sediment  yield; 

2.  Implementing  water  resource  monitoring  to  document  changes  over 
time  in  water  quality,  water  quantity,  and  sediment  yield; 

3.  Analyzing  and  interpreting  water  resource  and  realted  data  to 
determine  and  maintain  a  record  of  watershed  condition; 

4.  Protecting  and  acquiring  and/or  perfecting  water  rights  to  meet 
multiple-use  management  needs; 

5.  Preparing  and  implementing  plans  to  develop,  protect,  and/or 
rehabilitate  j^AA  (//Cfv^S    f  <°SC'.'  SCS'S. 


6. Idnetifying  and  resolving  shortages  or  deficiences  in  technical 
expertise  needed  to  carry  out  the  water  resources  program  in  accordance  with 
established  professional  and  technical  standards. 
.06  Policy. 

A.  Collect  and  maintain  surface  and  ground  water  resource  data  consistent  with 

land  management  needs  and  methodologies  found  in  BM  Handbooks  and  professional^ 
.-  accepted  technical  references.  F-turessionaily 

B*  ^r6  ^  j?terPret  *****   resource  data  to  set  resource  management  objectives 
comply  wlth  State  and  Federal  authorities;  and  assess  environmental  iSS 
from  land  use  activities.  -""pdcr-s 

C.  Implement  water  resource  management  activities  through  the  three  tier  BIM 
Resource  Management  Planning  process. 


COURSE  7000-1   CLASS  EXERCISE 

USING  ONE  OR  TWO  SENTENCES,  VERY  BRIEFLY  DESCRIBE  A  SIGNIFICANT  SOIL 
OR  WATER  RESOURCE  ISSUE  OR  PROBLEM  YOU  ARE  CURRENTLY  INVOLVED  WITH. 


y/V/ 


/^ 


7000   SOIL,  WATER,  AND  AIR  RESOURCES 

7100  SOIL  RESOURCE 

. 1  Soil  Resource  Program 

.2  Soil  Survey  Operations 

.  3  Soil  Classification  and  Mapping 

.4  Soil  Survey  Reports 

.5  Soil    Interpretations 

.6  Site-Specific   Evaluations 

.7  Soil    Information    Svstems 


72  00      WATER  RESOURCES 

7210  Watershed   Condition  Analysis 

7220  Watershed   Activity   Planning 

7230  Groundwater 

7240  Water   Quality 

72  50  Water   Rights 

7260  Floodplains 


7300  AIR  RESOURCE 

. 1  Air  Resource  Program 

.2  Air  Resource  Management  Activities 

.3  Air  Resource  Inventory 

.4  Air  Resource  Monitoring 

.5  Air  Resource  Modeling 

.6  Air  Resource  Training  and   Education 


Guidance  System 
I-. -v.l'il.it  [on,  KxeruLlvc  Unlers,  and  Court  Orders:   Taylor  Act,  FLPMA,  PKIA,  .:tc. 
Grazing  Rcgulat lon3 :   4  3  CFR  4100  (Oriented  Toward  the  Public) 
Departmental  Manuals:   (are  typically  general  Instructions) 

BLM  Directives 


Lone;  Term  Directives  (Manual  S y  s  t  e  m ) 

Manual^  Sections:   Policy,  and  Standards 
(Written  tor  Managers) 


1622  -  Supplemental  Program 
Culdance  for  Renewable  Resources 
Programs  (WO  IM  86-136) 

4100  -  Grazing  Administration  (Excl.  of  Alaska) 

(Rel.  4-69,  6/20/84) 
4110  -  Qualifications  and  Preference 

(Rel.  4-70,  6/20/34) 
4120  -  Grazing  Management 

(Rel.  4-72,  6/20/84) 
4130  -  Authorizing  Grazing  Use 

(Rel.  4-74,  7/2/84) 
4150  -  Unauthorized  Grazing  Use 

(Rel.  4-76,  5/16/84) 
4160  -  Administrative  Remedies 

(Rel.  4-78,  6/20/84) 
4400  -  Rangeland  Inventory,  Monitoring, 

and  Evaluation 

(Rel.  4-64,  12/1/83) 
4410  -  Ecological  Site  Inventory 

(Rel.  4-80,  7/12/84) 


Manual  Handbooks:   Required  Procedure  and 
Standards  (.detailed);  written  for 
Staff /Technical  personnel 


H-4110-1  -  Qualifications  and  Preference 

(Rel.  4-71,  6/20/84) 
H-4120-1  -  Grazing  Management 

(Rel.  4-73,  6/20/84) 
H-4130-1  -  Authorizing  Grazing  Use 

(Rel.  4-75,  7/3/84) 
H-4150-1  -  Unauthorized  Grazing  Use 

(Rel.  4-77,  7/3/84) 
H-4160-1  -  Administrative  Remedies 

(Rel.  4-79,  7/3/84) 


H-4410-1  -  National  Range  Handbook 
(Rel.  4-81,  7/12/84) 


Reference  System:   Optional  Procedure 
and  lecnnical  Information 


TR-4400-1  -  Rangeland  Monitoring: 

Planning  for  Monitoring  (p-205) 

TR-4400-2  -  Rangeland  Monitoring: 

Actual  Use  Studies  (p-206) 
TR-4400-3  -  Rangeland  Monitoring: 

Utilization  Studies  (p-207) 
TR-4400-4  -  Rangeland  Monitoring: 

Trend  Studies  (p-208) 
TR-4400-7  -  Rangeland  Monitoring: 

Analysis,  Interpretation,  and 

Evaluation  (p-209) 


1740  -  Renewable  Resource  Improvements 

and  Treatments 
(Rels.  1-1427  and  1-1417) 
6/28/85  and  9/3/85 

1741  -  Renewable  Resource  Improvements,  Practices, 

and  Standards 

(Rel.  1-1418,  4/11/85) 

1742  -  Emergency  Fire  Rehabilitation 

(Rel.  1-1423,  8/8/85) 

1743  -  Renewable  Resource  Investment  Analysis 

(Rel.  1-1429,  4/11/85) 


H-1740-1  -  Renewable  Resource  Improvement 
and  Treatment  Procedures;  draft 
now  being  revised 

H-1741-1  -  Fencing 

(Rel.  1-1419,  5/20/85) 

H-1742-1  -  Emergency  Fire  Rehabilitation 
(Rel.  1-1424,  8/8/85) 

H-1743-1  -  Resource  Investment  Analysis 
User  Handbook  for  the  SageRam 
Computer  Program 
(Rel.  1-1430,  9/9/85) 


7000  -  Soil,  Water,  and  Air  Management 

(Rel.  7-85,  3/8/84) 
7f 00  -  Soil  Resource  Management 

(Rel.  7-87,  3/15/84) 

7221  -  Floodplaln  Management 
(Kel.  7-66,  2/14/79) 

7240  -  Water  Quality 

(Kel.  7-63.  3/19/84) 

7250  -  Water  Rights 

(Kel.  7-86,  3/19/84) 


R-1741-1  -  Revegtation  Equipment 
Catalog  (p-229) 


T/N  337  -  Hydrologlc  Risk  and  Return 
Period  for  Water  Related 
Projects 

T/N  366  -  Gully  Erosion 

T/N  369  -  Considerations  in 

Rangeland  Watershed 

Monitoring 
T/N  368  -  A  Runoff  and  Soil-Loss 

Monitoring  Technique  Using 

Paired  Plots 
TR  4341-1  -  Channel  Cross  Section 

Surveys  and  Data  Analysis 
TR  7230-1  -  Guidelines  for  Conducting 

Groundwater  Studies  in 

Support  of  Resource 

Activities 
T/N  369  -  1980-82  Salinty  Status 

Report 
Hydrologlc  Design  and  Analysis 

Programs 
T/N  370  -  Predictive  Model  for 

Estimating  Maximum  Summer 

Stream  Temperatures  In 

Western  Oregon 
Reynolda  Creek  Summary  Report 
Instream  Flow  Guidelines  -  BLM 


Short  Term  Directives:   Instruction  and  Information  Memos 


THE  BUDGET  PROCESS 

The  purpose  of  the  budget  is  to  obtain  funding  necessary  for  the  Bureau  to 
carry  out  its  responsibilities  and  accomplish  program  objectives. 

The  name  of  the  game  at  all  organizational  levels  is  competition.  The 
Department  of  Interior  competes  with  all  other  Executive  Branches  (e.g. 
Agriculture,  Defense,  etc.).   Within  Interior,  the  Ass't.  Secretary  for 
Lands  and  Minerals  Management,  who  has  juristiction  over  the  BLM,  competes 
with  the  other  four  Ass't.  Secretaries  and  a  variety  of  Secretarial 
Offices.  The  BLM  competes  with  all  other  agencies  under  the  same  Ass't. 
Secretary  (MMS,0SM).   Your  State  competes  with  other  states  within  the  BLM. 
Your  District  competes  with  other  Districts  in  the  State.   Your  Resource 
Area  competes  with  other  Area  Offices  in  your  District. 

Ihe  Bureau's  budget  is  prepared  and  implemented  in  a  cycle  which  takes 
approximately  3  years  from  Package  Directives  tnrough  implementation  of  the 
Annual  Work  Plan  and  Operating  Budget   (see  Figure  1). 

Increased  delegation  of  authority  to  the  State  Directors  has  resulted  in 
more  flexibility  and  increased  financial  rersponsibility  for  the  States  in 
managing  their  Operating  Budget.   In  the  past,  nearly  the  entire  Operating 
Budget  (i.e.  $,  #WM,  equipment,  procurement,  units  of  accomplishment, 
travel,  etc.)  was  controlled  by  the  Washington  Office.   Now,  only  total 
dollars  by  subactivity,  major  accomplishments  (MBO),  travel,  and  FTE ' s  are 
controlled.   The  State  Directors  can  establish  the  funding  levels  of  each 
object  class  within  total  dollars  available  by  subactivity  and  adjust  them 
during  the  fiscal  year  (FY)  as  necessary.   However,  only  the  WO  (Div. 
Budget)  can  officially  adjust  the  controlled  items  (such  as  subactivity 
funding  levels  between  States). 

To  better  understand  the  Budget  Process,  there  are  several  definitions  and 
concepts  which  you  need  to  know. 

Cost  targets    The  Division  of  Budget  (WO)  establishes  a  cost  target  for 
each  subactivity  on  a  Bureauwide  basis.   In  turn,  each  WO  Program  Office 
establishes  a  cost  target  for  each  State,  each  State  establishes  a  cost 
target  for  each  District,  and  each  District  establishes  a  cost  target  for 
each  Resource  Area.   Cost  targets  are  given  to  the  field  in  what  is  called 
"direct  dollars". 

Direct  dollars   The  appropriation  from  Congress  is  in  "total  dollars". 
Total  dollars  minus  the  estimated  salary  and  benefits  paid  to  employees 
during  leave  status  (leave  surcharge)  equals  direct  dollars.   Leave  is  a 
legitimate  cost  which  must  be  funded.   However,  since  BLM  personnel  can 
charge  their  time  to  more  than  one  program  depending  on  the  work  they  are 
doing,  leave  costs  are  funded  on  a  Bureauwide  basis  and  each  subactivity  is 
surcharged  for  leave  costs  according  to  its  share  of  work  months  used.   The 
money  to  fund  the  leave  account  is  deducted  from  the  total  dollars  available 
in  each  subactivity  and  is  held  centrally  to  pay  for  all  types  of  leave 
taken. 

Budget  workyear   The  normal  budget  workyear  per  position  is  10  WM's.   This 
is  the  result  of  funding  in  direct  dollars  as  discussed  above  (i.e. 
deducting  approximately  2  WM's  for  leave). 

Full  time  equivalent  (FTE)   An  FTE  equals  one  compensable  work  year  (i.e.  12 
WM's  of  paid  time).   The  Bureau  has  an  FTE  ceiling  established  by  the 
Department  of  Interior.   In  turn,  the  WO  (Div.  Budget)  sets  a  ceiling  for 
each  State.   It  is  important  to  remember  that  FTE ' s  and  positions  are  NOT 
the  same  eyen  though  most  states  control  FTE  usage  by  position  control. 
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Package  Directives 

—  issued  by  WO  to  the  Field 

— outline  general  policies  and  indicate  anticipated  constraints  in  funding 
and  manpower 

Package  Submissions 

— submitted  to  WO  by  Field  snowing  needs  by  priority 

— compiled  by  WO  Div.  Budget  and  reviewed  by  WO  Program  Staffs 

— Director  makes  Program  priority  decisions 

Budget  Estimates 

— are  developed  and  refined  based  on  Departmental  guidance 

— submitted  by  BLM  to  OMB  tnrough  the  Department 

— OMB  holds  informal  nearings  on  the  Estimates 

0MB  Passback 

— based  on  Presidential  decisions,  OMB  provides  "pass-back"  to  Department 
— the  Pass-back  generally  contains  specific  directives  and  funding  levels 
for  most  BLM  Programs 

3udget  Justification 

—  following  review  (and  any  appeals)  of  OMB  pass-back,  final  Department  and 
Bureau  Program  decisions  are  made 

— Budget  Justifications  are  then  prepared  for  presentation  to  Congress 
(Collectively,  Budget  Justifications  for  all  agencies  constitute  the 
President's  Budget 

Congressional  Budget  Hearings  and  Appropriation 

—  the  House  and  Senate  Interior  Subcommittees  hold  appropriation  hearings 

—  testimony  heard  from  the  BLM  Directorate,  the  Department,  and  other  parties 
including  the  general  public 

— after  hearings,  Congress  accepts  or  revises  President's  Budget  and  passes 
an  Appropriation  Act   (when  appropriation  action  is  not  completed  by  the 
beginning  of  the  FY,  Congress  may  enact  a  "Continuing  Resjolution"  to  give 
authority  for  agencies  to  continue  operations  until  regular  appropriations 
are  approved) 

Preliminary  Annual  Work  Plan  (PAWP)  Directives 

—  issued  by  WO  to  the  Field 

— contain  tentative  cost  targets,  position  ceiling  changes,  and  Program 
directives 

PAWP  Submissions 
' — submitted  by  Field  Offices 
— compiled  by  WO  Div.  Budget  and  reviewed/analyzed  by  WO  Program  Staffs 

Annual  v^ork  Plan  (AWP)  Directives 

— based  on  PAWP  submissions  and  general  knowledge  of  funding  levels  to  be 

appropriated  by  Congress,  AWP  Directives  contain  cost  targets,  personnel 

ceilings,  and  specific  Program  directives 

AWP  Submissions 

— Field  responds  to  AWP  Directives,  submits  Annual  Work  Plan  showing 
work  to  be  accomplished,  any  further  problems,  etc. 

AWP  Approval 

— after  review  and  any  final  adjustments,  Director  approves  AWP  (at  this 
point,  it  becomes  the  Operating  Budget) 

Mid-Year  Review 

— mid-course  review  of  commitments,  accomplishments,  expenditures,  etc. 

— underutilized  cost  targets  may  be  shifted  to  cover  overruns  in  high 

nr-ioritv  programs 


en 


Course:  7000-1 
Instructor:  K.  Muller 


OVERVIEW  OF  RESOURCE  MANAGEMENT  PLANNING 
I.  Instructional  Objectives: 

At  the  conclusion  of  this  session,  the  participant  will  be  able  to: 

A.  Define  the  steps  followed  in  preparing  a  resource  management  plan; 

B.  Identify  the  parties  usually  involved  in  preparing  a  resource 
management  plan  and  their  respective  roles;  and 

C.  Describe  the  level  and  type  of  decisions  usually  made  in  a  resource 
management  plans. 

II.   Topical  Outline: 

A.  Setting  the  Stage 

All  BLM  plans  involve  choosing  among  alternative  courses  of  action. 
They  vary  in  terms  of  the  nature  of  the  products  produced,  the 
process  followed,  and  the  parties  involved. 

B.  The  Process 

What  are  trie  steps  in  preparing  an  RMP  or  plan  amendment?   Which 
ones  always  involve  soil,  water  and  air?   What  are  "issues"  and  what 
are  "planning  criteria"?   What's  distinctive  about  the  RMP  process? 

C.  Tne  Parties 

Who  are  the  internal  and  external  parties  involved  in  preparing  an 
RMP?   What  are  their  respective  roles? 

D.  The  Products 

What  are  the  outputs  of  resource  management  planning?   What  kinds  of 
decisions  should  an  RMP  contain,  especially  with  respect  to  soil, 
water  and  air?   What  should  be  in  the  supporting  record?  What 
follows  the  RMP? 


Biographical  Sketch 


Kit  Muller 

Office  of  Planning,  WO-202 

FTS  653-8830 


CAREER  EXPERIENCE: 


1980  to  1981  -  Office  of  Policy  Analysis  and  Program  Development 

Washington,  D.C. 

1981  to  1984  -  Office  of  Planning 

Washington,  D.C. 


Prior  to  my  employment  with  the  Bureau,  I  worked  for  a  number  of  public 
interest  groups,  primarily  on  coal  and  electric  utility  related  matters. 


EDUCATION:   BA  -  Social  Anthropology  -  Harvard  Univeristy 

MA  -  Public  Policy/Economics  -  University  of  California,  Berkeley 
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Course:   7000-1 
Instructor:   J.  Stone 


WATERSHED  CONDITION  ANALYSIS 


Course  Objectives:   Upon  completion  of  this  segment,  students  should  be  able 
to: 

1.  List  the  four  components  which  can  be  used  in  watershed  condition 
analysis; 

2.  Describe  at  least  two  ways  to  determine  the  "tolerance  level"  for  a 
watershed  analysis  component; 

3.  Using  watershed  condition  classes  and  any  other  criteria  you  choose, 
depict  and  explain  selective  management  categories  to  interpret  watershed 
condition. 


Topic  Outline 

I.  Analysis  Design 

A.  Management  Needs 

B.  Area  Stratification 

C.  Component  Selection 

II.  Determining  Watershed  Condition 

A.  Characterizing  the  Present  (Existing  Situation) 

B.  Establishing  Standards  (Tolerance) 

C.  Condition  Class  (Existing  vs.  Tolerance) 

III.  Management  Interpretation 

A.  Purpose 

B.  Criteria  for  Interpretation 

C.  Example 


Course:   7000-1 
Instructor:   D.  Muller 
Hooper 


SOIL  AND  WATER  RESOURCE  ACTIVITY  PLANNING 


1.  Identify  sources  of  guidance  for  use  in  setting  soil  and  water  resource 
management  objectives. 

2.  List  several  types  of  activity  plans  and  know  when  not  to  use  certain 
plans. 

3.  Prepare  an  activity  plan  outline. 


Topic  Outline: 

I.   Soil  and  Water  Resource  Improvement  Objectives 

A.  Guidance  -  RMP  (Condition  Analysis  Results) 

B.  Guidance  -  Bureau  Planning  Policy 

II.   Plan  and  Implement  Soil  and  Water  Resource  Improvements 

A.  Activity  Plans  (general) 

B.  Watershed  Management  Plans 

C.  Activity  Plan  Monitoring 

III.   Plan  Contents  -  District  Perspective 

A.  Problem  Identification  and  Analysis 

B.  Management  Objectives  and  Alternative  Options 

C.  Monitoring  Studies  and  Evaluation 


Daniel  ?.  Muller 

Bureau  of  Land  'lanagement 
Washington,  D.C. 
202/653-9210 
FT3  653-9210 

PERSONAL  DATA 

Birth  Date— April  7,  195^ 

EDUCATIONAL  DATA 

7  B.S.  in  Forest  Watershed  Science  from  Colorado  State  University. 

EMPLOYMENT  DATA 

1977  to  1978  Kydrologist  on  the  White  River  National  Forest,  Glenwood 
Springs,  Colorado. 

:   Instrean  Flow  Study,  Water  Quality  Inventory 

'  -  :  r  Lars   ......  t,    .~;  ,,-   , 

Duties:   Water  Resource  Inventories,  Oil  and  Gas  Surface  Protection 

1980  to  1985  Kydrologist  in  the  Bureau  of  Land  Management,  Lewistown, 
Montana. 

Duties:   Water  Rights,  Flood  Routing  Study,  Watershed  Activity  Plan, 
District  Program  Leader 

I9S5  to  Present  Hydrologist  in  the  Bureau  of  Land  Management, 

Washington,  D.C. 

Duties:  Program  Leader-Water  Resources  Program,  Interagency 
Coordination 


Resume 
Ron  Hooper  District  Hydro! oglst  Cedar  City  District,  Utah 


Education. 
Experience. 


B.S.  Forest  Recreation  U.S.U.  1974 

B.S.  Range-Watershed  Management  U.S.U.  1979 

June  to  September'  73  and  June  to  '74  Interpretative  Naturalist 
Flaming  Gorge  National  Recreation  Area,  Utah. 

March  to  December  '75,  Crew  Boss  Inter  Regional  Fire  Crew  Gila 
National  Forest,  New  Mexico. 

April  to  July  '76,  Range  Technician,  Phase  1  Watershed 
Inventory,  Moab  District,  Utah 

July  '76  to  March  '77  Park  Ranger  Utah  Division  of  Parks  and 
Recreation. 

April  to  November  '77  Phase  1  Watershed  Inventory,  Moab 
District,  Utah. 

June  to  September  '78  Crew  Boss  Helitack  Crew,  Salmon,  Idaho. 

January  to  April  '79  Hydrologic  Technician  U.S.F.S. 
Intermountain  Forest  and  Range  Experiment  Station  Logan,  Utah. 
I  worked  hydrologic  studies  of  Mine  spoil  areas  near  Soda 
Spring,  Idaho. 

April  '79  to  October  '80  Hydrologist  on  the  Bureau's  Rainfall 
Simulation  Research  Project,  Denver  Service  Center.  The  study 
attempted  to  quantify  grazing  impacts  on  infiltration,  runoff 
and  sediment  yield.  Studies  conducted  in  Canon  City  and 
Montrose  Districts,  Colorado;  Lewistown  District,  Montana; 
Phoenix  District  Arizona  and  in  conjunction  with  Utah  State 
University,  Logan  Utah. 

October  '80  to  December  '82  Hydrologist  Planning  and 
Environmental  Coordination  Staff  Cedar  City  District,  Utah. 
Responsible  for  S-W-A  input  to  EIS'  and  EAs. 

December  '82  to  Present  District  Hydrologist  Cedar  City,  Utah. 
Responsibilities  include,  Water  Rights,  Water  Quality,  Program 
leader  S-W-A  and  S-W-A  input  for  major  EAs  and  EIS'.  Worked  on 
Watershed  Activity  Planning  Manual  and  Handbook  Washington 
Office  Work  Group. 
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"To  track  implementation 
ol  action  plan  decisions 
•To  help  keep  the  RMP 
current. 

"To  determine  if  imple- 
mentation is  successful 
in  meoting  RMP 
objectives 

"To  assess  whethor  the 
RMP  continuos  to 
reflect  the  best  resource 
management  decisions 

'A  monitoring  plan  that 
describes  the  standards, 
methods  and  intervals  for 
monitoring  and  evaluating 
the  RMP. 

•The  documented  results 
ol  monitonng  including 
the  data  and  analysis 
leading  to  any  decision 
to  modify  the  RMP  through 
plan  maintenance,  admend- 
ment  or  preparation  of  a 
new  plan 

(8) 

SELECTION  OF  THE 

RESOURCE  MGMT  PLAN 

'To  soloct  tho  proposed 
RMP  and  approve  it  con- 
sidering public  review  and 
common! 
'To  document  the 
docision. 

•The  Proposed  RMP/ 
Final  EIS.  Record  of 
public  comment, 
Governor's  review, 
protests  and  responses. 
'The  Approved  RMP 
and  Record  of  Deasion 

(7) 

SELECT  PREFERRED 

ALTERNATIVE 

'To  identify  which  alter- 
native best  resolves  the 
Issues 

"To  clearly  oxplain 
Iho  courso  of  action 
BLM  proposes  to  take. 
"To  provide  tho  op- 
portunity for  public 
roviow  and  commonL 

*The  description  of 
tho  Preferred  Al- 
ternative and  the 
rationals  for  its 
selection. 
'The  Draft  RMP/ 
Draft  EIS. 

(6) 
ESTIMATION 
OF  EFFECTS 

'To  dosenbo  poten- 
tial impacts  and 
changos  that  would 
occur  with  oach 
alternative 
'To  identity  ways 
to  avoid  or  miligate 
tho  advorse  Impacts. 

'The  Environmental 
Consequences 
Chapter  of  the  RMP 

(5) 
ALTERNATIVE 
FORMULATION 

'To  portray  a  mix 
of  multiple  usos 
and  actions  which 
could  rosolvo  the 
issues  and  ad- 
dross  concorns. 
"To  idonlily  full 
range  ol  options. 
"To  provido  dif- 
ferent answers  to 
the  planning 
quostions. 

"Descriptions  of 
sovoral  compre- 
hensive resource 
management  alter- 
natives, each  ol 
which  could  be  a 
comploto  plan. 
"Together  with  the 
"No  Action"  Al- 
ternative (see 
phase  4),  this 
mahes  up  the  al- 
ternatives Chapter 
ol  the  RMP. 
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"To  doscribe  existing 
environmental  elements 
and  socio-economic 
conditions. 
'To  doscrlble  current 
BLM  management 
'To  dotormine  ability 
ol  public  lands  to  respond 
to  tho  issues  and  con- 
cerns 

'To  identify  management 
opportunities  and 
limitations. 

'This  may  be  a  shelf 
document  or  part  of  the 
RMP,  usually  3  parts  are 
Included. 

"Resource  Aroa  Profile 
or  the  Alfected  Environ- 
ment Chapter 
"Existing  Management 
Situation  or  "No  Action" 
Alternative 

'Capability  Analysis  as 
building  blocks  lor  other 
Alternatives. 

(3) 

INVENTORY  AND 

DATA  COLLECTION 

"To  provido  esson- 
tial  facts  lor 
making  analysis, 
evaluations,  and 
decisions. 

*A  collection  of 
data  in  various 
forms  from  all 
sources:  old  plann- 
ing documents, 
digital  data,  new 
Inventory  results, 
resource  program 
data  and  other 
source  material. 
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"To  provido  sido- 
boards/constraints 
on  issuos  to  be 
addressed 
"To  guide  dovotop- 
montollho  RMP 
'To  define  the 
scope  of  analysis 

'A  complete  list  for 
use  by  interdisicplln- 
ary  team  during 
process 

'A  summary  for  public 
review  (usually  with 
the  issues  in  news- 
letter or  other  form), 
and  inclusion  in  RMP 
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"To  onont  tho  pro- 
cess on  problems/ 
multiple-use  con- 
flicts to  be  ad- 
dressed Indolail. 
"To  locus  attontion 
on  the  critical 
trade-offs. 
"to  ask  the  ques- 
tions that  must  be 
answered. 

'A  clear  statement 
ola  manageable 
number  of  signif- 
icant issues  for 
intomal  tracking, 
review,  and  in- 
clusion in  the 
RMP. 

NOTICE 

OF 
INTENT 

'To  get 
started 
'To  seek 

public 
involve- 
ment. 

'A  Fed 
Register 
Notice 
•Media 
announce- 
ments 
'Letters 
to  mailing 
list. 
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"To  ostablish  a 
commitment  to  the 
projoct  at  all 
levels  wilhin  BLM. 
"To  scope  out  the 
koy  elements  ol 
proioct  manage- 
ment 

'A  "contract"  or 
Preplanning  Anal- 
ysis thai  includes 
projoct  support 
requirements,  pub- 
lic participation 
plan,  schedules, 
loam  make  up,  bud- 
get and  training 
needs,  etc 
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PLANMSMG   ISSUES 


"A  MATTER  OF  CONTROVERSY 
OR    DISPUTE   OVER    RESOURCE 
MANAGEMENT   ACTIVITIES 
OR  LAND  USE  THAT  IS  WELL 
DEFINED  OR  TOPICALLY 
DISCRETE   AND   ENTAILS 
ALTERNATIVES    BETWEEN 
WHICH  TO  CHOOSE  OR 
DECIDE." 
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ISSUES    vs    CONCERNS 


p(  PLANNING   ISSUES  ~} 


A.  H DW  SHOULD  FORAGE  BE  ALLOCATED? 

B.  HOW  SHOULD  WE  PROTECT  IDENTIFIED  VALUES 

IN  THE  SPRING  CREEK  WSA? 

C.  ARE  THERE  LANDS  THAT  SHOULD  BE 

CONSIDERED  FOR  DISPOAL? 


[(management  concerns) 


A.  SHOULD  BLM  ENHANCE  (T  &  E)  HABITAT? 

B.  ARE  WE  TAKING  ALL  REASONABLE  STEPS  TO 

REDUCE  CULTURAL  RESOURCE  VANDALISM? 

C.  WHAT  AREAS  SHOULD  BE  OPEN  TO  FIREWOOD 

COLLECTING? 


p(  EXISTING  "VALID"  DECISIONS  ~^ 


D. 


D. 


E. 


WITH  EIS  /  REGARDLESS  OF  CONTROVERSY 
(COAL) 

WITHOUT  EIS  /  WITH  CONTROVERSY 
(OIL  &  GAS) 

WITHOUT  EIS  /  NO  CONTROVERSY 
(RIVER-RUNNING  PROGRAM) 
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ISSUES    AND    ALTERNATIVES 


ISSUE  OR 
CONERN 

ALTERNATIVES 

1 

II 

III 

IV 

A.  FORAGE 

B.  WSA 

C.  DISPOSAL 
D.OIL  &  GAS 

A.  T&  E 

B.  VANDALISM 

C.  FIREWOOD 

D.  COAL 

E.  RIVER 

running 
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PLANNING    INTEGRATES 
MULTIPLE    PROGRAMS 


NATIONAL 

POLICY 

PLANNING  TIER 

LAND  USE 

PLANNING 

TIER 

ACTIVITY 

PLANNING 

TIER 

WILDERNESS 
POLICY       \ 

/RMP\ 

1      &     r 

^XMFPX 

.  ALLOTMENT 
/  MGMT.  PLAN 

RANGE  POLICY^ 

COAL  LEASING 
^REGIONAL  EIS 

COAL  POLICY  - 

-#►       HABITAT 
MGMT.  PLAN 

OIL  and  GAS^ 
POLICY 

N»,  OIL  and  GAS 
LEASING 
EA  or  EIS 

WILDLIFE      ' 
POLICY 
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.01   Purpose.   This  Manual  Section  describes  the  purpose,  organization  and  use 
of  tue  program  activity  guidance  set  forth  in  the  1620  series  of  the  Planning 
Manual.   It  also  describes  the  relationship  between  this  guidance  and  other 
planning  related  guidance  issued  by  the  Bureau. 

.02   Objectives.   The  1620  series  of  the  BLM  Manual  contains  program  activity 
guidance  for  tne  resource  management  planning  process.   It  supplements  the 
procedural  and  plan  content  guidance  set  forth  in  the  1600  and  1610  series  of 
the  Planning  Manual.  The  overall  objectives  of  the  1620  series  are  to: 

A.  Identify  and  clarify  program  activity  requirements  for  resource 
management  planning,  where  they  exist. 

B.  Promote  the  development  of  a  resource  management  planning  base  that 
in  certain  basic  respects  is  comparable  from  one  resource  area  to  the  next. 

C.  Provide  Bureau  personnel  involved  in  the  preparation  of  resource 
management  plans  with  a  readily  available  reference  to  program  activity 
guidance  that  may  pertain  to  their  respective  planning  efforts. 

D.  Enhance  the  ability  of  Bureau  managers  and  resource  specialists  to 
effectively  participate  in  the  interdisciplinary  process  used  to  prepare 
resource  management  plans  and  plan  amendments.  ., 

£.   Expedite  District  and  State  Office  reviews  of  draft  planning 
documents  by  estaDlishing  program  specific  standards  for  plan  content. 

.03  Authority.   (See  BLM  Manual  Section  1601.03.) 

.04   Responsibility.   (See  BLM  Manual  Section  1601.04.) 

.05   References.   (See  BLM  Manual  Section  1601.05.) 

.06   Policy.   Tne  land  use  and  resource  management  decisions,  terms, 
conditions  and  other  provisions  of  an  approved  resource  management  plan  and 
its  associated  planning  record  must  address  all  of  the  public  land  resources 
present  in  the  area  covered  by  tne  plan.   Such  specificity  is  essential  to 
meeting  tne  comprenensive  land  use  planning  requirements  set  forth  in  the 
Federal  Land  Policy  and  Management  Act,  tne  Federal  Coal  Leasing  Amendments 
Act  and  the  planning  sections  of  the  BLM  Manual.   (See,  in  particular,  BLM 
Manual  Sections  1602.22  and  1616.16  and  the  definition  of  a  resource 
management  plan  at  1601.07.)   Only  with  such  specificity  can  an  approved  plan 
provide  a  planning  base  capable  of  supporting  a  broad  range  of  subsequent 
resource  management  activities. 

.07   Definitions.   (See  Glossary  of  Terms,  BLM  Manual  Section  1601.07.) 
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.i   Organization  of  the  Supplemental  Program  Guidance. 

.11   Overall  Structure.   The  1620  series  is  organized  by  "program 
activity".   These  are  tne  categories  employed  within  the  agency  to  organize 
and  define  resource  management  and  resource  management  support  activities  such 
as  wildlife  nabitat  management,  non-energy  minerals  leasing,  or  fire 
management.   (See  BLM  Manual  Section  1601.13  for  a  description  of  "program 
activity". ) 

.12   Format  of  the  Individual  Components.   Each  of  the  program  activity 
components  or  the  162U  Series  follows  a  standard  format  comprised  of  four 
sections.   The  purpose  of  each  of  these  sections  is  described  below. 
Additional  program  specific  guidance  (e.g.  procedures,  forms,  etc.),  if 
needed,  will  be  placed  in  an  appendix  or  handbook  to  the  appropriate  Manual 
Section  of  the  1620  series. 

A.  Determinations .   This  section  describes  the  determinations  or 
type  of  decisions  tnat  are  required  during  resource  management  planning  for 
tne  individual  program  activity.   In  every  Resource  Area  in  which  the  progr 
activity  is  present,  the  land  use  planning  determinations  listed  in  this 
section  must  be  eitner  explicitly  stated  in  the  plan  or  derivable  from  the 
plan's  multiple  use  prescriptions.   This  requirement  applies  regardless  of 
whether  the  program  activity  is  associated  with  an  identified  planning  issue. 
(To  further  clarify  these  requirements,  this  section  also  describes  those 
determinations  that  are  normally  made  during  subsequent  activity  planning. 
See  BLM  Manual  Section  1601.12  for  a  discussion  of  the  three  tiers  of  the 
Bureau's  planning  system.) 

B.  Analysis.   This  section  describes  those  factors  that  must  be 
considered  in  making  the  determinations  described  in  the  preceding  section. 
Generally  speaking,  these  "factors"  are  activity  specific  considerations  for 
wnicn  there  is  a  specific  statutory,  regulatory,  or  court  ordered 
documentation  requirement.   How  tnese  factors  were  considered  during  a 
planning  effort  must  be  clearly  documented  either  in  the  plan  itself  or  in  its 
supporting  record. 

C.  Infortaation.  This  section  outlines  the  type  of  activity  specific 
information  that  is  usually  required  by  the  manager  and  interdisciplinary  team 
members  during  resource  management  planning. 

D.  Notices,  Consultations,  and  Hearings.   This  section  identifies 
program  specific  notice,  consultation  and  hearing  requirements,  if  any,  that 
must  be  fulfilled  during  resource  management  planning.   How  these  requirements 
were  met  must  be  clearly  documented  either  in  the  plan  itself  or  in  its 
supporting  documentation. 
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.13   Interdependence  of  the  Components.   The  activity  specific  components 
of  the  lo20  Series  are  interrelated  and  interdependent.   Thus,  for  example,  if 
a  particular  planning  area  contains  both  fluid  minerals  and  wildlife,  one  has 
to  Iook.  at  both  the  fluid  minerals  section  (1624.2)  and  to  the  fish  and 
wildlife  management  section  (1622.1)  to  identify  the  decisions  that  must  be 
made  and  the  factors  that  must  be  considered. 

.2   Documentation  Requirements. 

.Zl   General.   The  1620  Series  identifies  a  significant  number  of  activity 
specific  decisions  that  must  be  made  during  resource  management  planning.   How 
tnese  decisions  are  documented  is  expected  to  vary  from  plan  to  plan  depending 
on  the  planning  issues  being  addressed  and  on  the  manner  in  which  the  plan 
itself  is  formatted.   In  any  given  plan,  some  of  these  decisions  may  be 
portrayed  in  tables  or  on  maps,  others  may  be  described  in  a  general  section 
devoted  to  on-going  management  practices;  still  others  may  be  discussed  in  a 
discrete  section  of  the  plan  or  appendix  to  the  plan  that  focuses  on  a 
particular  geographic  area  or  program  activity. 

.22   Applicability.   All  resource  management  plans  and  plan  amendments 
initiated  after  tne  effective  date  of  this  guidance  must  comply  with  these 
requirements.   Unless  the  Director  grants  a  specific  exemption,  RMPs  and  plan 
amendments  tnat  nave  already  been  initiated  must  also  comply  with  these        ^fc 
requirements  if  the  notice  announcing  the  availability  of  the  proposed  plan  or^P 
plan  amendment  is  filed  or  published  more  than  ninety  days  after  the  effective 
date  of  this  guidance. 

.3   Relationship  to  Other  Bureau  Guidance. 

.31   Relationship  to  Other  Planning  Manual  Sections.   Resource  management 
planning  guidance  that  is  not  activity  specific  in  nature  is  set  forth  in  the 
Bureau's  Planning  Regulations  (43  CFR  Part  1600)  and  in  BLM  Manual  Sections 
lbOl  througti  1619.   Tne  guidance  set  fortti  in  the  1620  series  of  the  BLM 
Manual  is  intended  to  supplement  the  Bureau's  basic  planning  guidance  and  must 
be  viewed  from  that  perspective.   (See  3LM  Manual  Section  1601  for  a 
description  of  the  overall  organization  of  the  Bureau's  planning  Manuals.) 

.32  Relationship  to  National  and  State  Director's  Policy  Guidance.   The 
1620  series  does  not  provide  specific  policy  guidance  on  resource  use 
priorities  for  the  puDlic  lands.   Such  policy  direction  is  regularly  issued  by 
the  Bureau's  Director  and  State  Directors.   The  1620  series  has  been  designed 
to  facilitate  the  incorporation  of  such  guidance  into  ongoing  and  future 
planning  efforts.   The  manner  in  which  National  and  State  level  policy 
guidance  is  developed  and  incorporated  into  the  Bureau's  resource  management 
planning  system  is  described  in  Manual  Section  1611. 
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.2   Soil  and  Water  Resources. 

.21   De terminations. 

A.   Resource  Management  Planning.   The  following  soil  and 
water-related  determinations  are  made  during  resource  management  planning. 
Tnese  determinations  must  be  either  explicitly  stated  in  the  plan  or  derivable 
from  the  plan's  multiple  use  prescriptions. 

1.  Management  Objectives.   Each  RMP  must  establish  soil  and 
water  management  objectives.   Individual  objectives,  either  areawide  or 
site-specific,  may  include  but  are  not  limited  to: 

a.  Maintaining  or  increasing  soil  cover; 

b.  Maintaining  soil  productivity; 

c.  Controlling  flood  and  sediment  damage; 

d.  Meeting  or  exceeding  established  surface  and  groundwater 
quality  standards; 

e.  Maintaining  or  improving  riparian  areas;  and 

f.  Providing  for  physical  and  legal  availability  of  water. 

2.  Management  Direction.   Each  RMP  must  identify  soil  and  water 
management  actions  necessary  to  achieve  the  management  objectives.   Such 
direction  may  include  but  are  not  limited  to: 

a.  Establishing  priorities  for  watershed  or  riparian  area 
rehabilitation; 

b.  Identifying  minimum  surface  and  groundwater  quality 
monitoring  levels  and  locations; 

c.  Identifying  any  land  use  restrictions  based  on  soil  and 
water  criteria; 

d.  Designating  soil  and  water-related  ACECs ;  and 

e.  Establishing  a  maintenance  strategy  for  existing  erosion 
or  water-control  structures  and  treatments  (e.g.,  maintain  indefinitely, 
stabilize  ana  abandon,  abandon). 
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ii.   Activity  Planning.   The  following  soil  and  water-related 
determinations  are  usually  deferred  to  activity  planning:   specific  resource 
objectives  (e.g.,  vegetation  cover  target  to  control  soil  erosion),  watershed 
or  riparian  renabilitation  techniques,  monitoring  techniques  and  schedules, 
and  the  design  and  placement  of  improvements.   Whenever  practical,  such 
determinations  are  made  during  the  preparation  of  resource  activity  plans 
(e.g.,  AMP,  riMP,  FMP)  instead  of  preparing  actual  soil  and  water  (or 
watershed)  activity  plans. 

.22  Analysis.   The  planning  record  must  clearly  document  the  analyses 
tnat  were  conducted  in  arriving  at  the  soil  and  water-related  RMP 
determinations  set  forth  above.   Specific  factors  to  be  considered  in 
conducting  such  analyses  include: 

A.  Legal  Requirements.   Tne  BLM  has  a  number  of  statutory 
responsibilities  that  must  be  considered  in  establishing  soil  and  water 
management  objectives  and  actions.   Such  statutes  include  the  Colorado  River 
Salinity  Control  Act,  the  Safe  Drinking  Water  Act,  the  Clean  Water  Act,  the 
Public  Rangelands  Improvement  Act,  the  Farmland  Protection  Policy  Act, 
Executive  Order  11^88  on  Floodplain  Management,  and  Executive  Order  11990  on 
tne  Protection  of  Wetlands.   These  and  other  applicable  statutes  are  described 
in  BLM  Manual  7000  (Soil,  Water,  and  Air  Management). 

B.  Watersned  Condition.   The  concept  of  watershed  condition  is 
described  in  6wl   Manual  7210.   The  process  for  determining  watershed  condition 
includes  stratifying  the  planning  area  into  appropriate  hydrologic  sub-units 
and  selecting  and  evaluating  pertinent  watershed  components  (see  .23A1). 

C.  Watersned  Vulnerability.   Watershed  vulnerability  is  an 
expression  of  the  susceptibility  of  a  watershed  unit  to  degrade  from  the 
current  condition. 

D.  Watershed  Responsiveness.   Watershed  responsiveness  is  an 
expression  of  the  aoility  of  a  watershed  unit  to  improve  from  the  current 
condition  tnrough  management  or  treatment  measures. 

E.  Existing  and  Anticipated  Demand  for  Water.   A  relationship 
between  availability  and  demand  should  be  established  according  to  existing 
and  projected  water  uses.   Special  management  consideration  should  be  given  to 
overappropriated  Dasins,  instream  flow  requirements,  and  federally  reserved 
water. 
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.23   Information. 

A.  Data  Elements.  The  following  soil  and  water-related  data  are 
usually  required  by  the  area  manager  and  tne  interdisciplinary  team  during 
resource  management  planning. 

1.  Watershed  Condition  Component.   Tne  following  components  are 
assessed  to  determine  watersned  condition:   soil  erosion,  sediment  yield, 
water  quality,  and  water  quantity. 

2.  Water  Availability.   This  element  includes  information  on 
botn  the  physical  presence  and  legal  availability  of  water. 

3.  Soil/Water  Features.   The  principle  features  of  interest 
include  floodplains,  prime  and  unique  farmlands,  soils  of  statewide 
importance,  riparian  areas,  municipal  watersheds,  non-point  source  (208)  water 
quality  planning  areas,  NPDES  permit  sites,  and  polluted  groundwater  systems. 

4.  Soil/Water  Improvements.   This  element  includes  the  location, 
maintenance  history,  and  performance  assessment  for  existing  erosion  and 
water-control  structures  or  treatments. 

B.  Data  Sources.   Principle  soil  and  water  data  sources  include  soil 
surveys,  ecological  site  descriptions,  reservoir  sedimentation  studies,  water 
quality  monitoring  records,  streamflow  records,  well  logs,  water  source 
inventories,  project  files,  and  State  water  rights  files.   In  addition,  there 
are  several  existing  formulas  and  models  which  can  aid  in  characterizing  the 
data  elements. 

.24   Notices,  Consultations,  and  Hearings.   Consultation  and  coordination 
witn  other  Federal,  State,  and  local  agencies  are  required  as  directed  by  the 
watersned  Protection  and  Flood  Control  Act,  the  Clean  Water  Act,  and  0MB 
Circular  A-81  (see  BLM  Manual  70U0.) 
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I.  Activity' Planning  Process  '  •■•         -  .  ■  ■. 

A.  Pre-Planning  Analysis  ■    '  ■    ■    ■  . 

B.  Inventory 

C.  RMP/MFP 

D.  Activity  Planning 

E.  Implementation 

F.  Monitoring/Evaluation 

II.  Activity  Planning  Philosophy 

A.  Intent  of  Plan  is  to  solve  soil -water  problems 

B.  Directly  involves  manager  in  process 

1.  Identifies  scope  of  plan 

2.  Identifies  target  areas 

3.  Designates  core  team 

4.  Works  with  team  to  develop  objectives 

5.  Works  with  team  to  develop  actions 

6.  Is  responsible  for  plan  implementation 

C.  Activity  plan  functions 

1.  Problem  identification  and  analysis 

2.  Proposes  problem  solutions 

3.  Creates  on  the  ground  actions 

4.  Monitors  -  evaluates  actions 

5.  Provides  vehicle  to  request  funding  through  AWP  Process 

III.  What  type  of  activity  plan  should  be  used 

A.  Site  specific 

1 .  Nature  of  problem 

2.  Extent  of  problem 

B.  When  a  new  activity  plan  is  needed 

1.  Soil -water  problems  are  beyond  scope  existing  activity  plan 

C.  Use  of  watershed  management  plan 

1.  Soil -water  problems  beyond  scope  of  any  other  activity  plans 

D.  Coordinated  activity  plan 

1.  Soil -water  problems  can  be  addressed  in  plan 

2.  Decision  document 

IV.  Required  activity  plan  elements 

A.  Elements  required  in  watershed  Management  Plan 

1 .  Management  summary 

2.  Detailed  site  description 

3.  Problem  identification  and  analysis 

4.  Objectives 

5.  Map 

6.  Alternatives 

7.  Economic  analysis 

8.  Risk  analysis 
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•9.  Environmental  and  cultural  clearances 

10.  Monitoring/evaluation  plan-  '  •   "' 

11.  Maintenance  needs  and  costs' 

12.  Project  schedule 

13.  Project  budget 

14.  Appendix 

15.  Environmental  assessment 

Soil -water  elements  necessary  to  be  included  in  other  activity 
plans  and  those  required  by  Bureau  Manual  1619  (Activity  Plan 
Coordination). 

1 .  Site  description 

2.  Problem  Identification  and  analysis 

3.  Current  resource  management 

4.  Public  interest 

5.  Objectives 

6.  Constraints 

7.  Alternatives 

8.  Preferred  alternative  selection 

9.  Monitoring/evaluation  plan 

10.  Maintenance  needs  and  costs 

11 .  Project  schedule 

12.  Project  budget 

13.  Environmental  assessment 


V.   Activity  Plan  Example 
A.  Round  Valley 
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Planning  -•  Implementation  Process 


Pre-Plan  Analysis 

1.  Identify  needed  resource 
information.     To  be  inventoried 

2.  Identify  time  and  money  needed 
for  inventory 


\k: 

Inventory 
Collect  resource  information 


\1/ 

~RMP~ 


1.  Analyze  inventory  data 

2.  Provide  objectives  and  policy  for 
each  resource  program 

3.  Prioritize  watershed  problem  areas 

4.  Identify  areas  for  further  inventory 
or  activity  planning 

5.  Provides  basis  for  funding  request 
for  further  inventory  or  WAP. 
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Activity  planning 

1.  Site  specific  analysis  of  identified 
areas  from  RMP 

2.  Thorough  problem  identification  and 
analysis 

3.  Process  and  implement  actions  to  solve 
problem  and  symptoms  of  S-W 

4.  Provides  detailed  monitoring  plan 
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Implementation 

Management  changes 

Structural  and/or  land  treatments 
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Moni  tori  ng/Eval  uati  on 

I 

1.  Monitor  actions  for  fixed  period  of  time 

2.  Evaluate  monitoring  data  I y 

3.  Update  activity  plan  and/or  RMP  if  objectives 
are  not  being  met  or  are  not  appropriate. [ 
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Activity  Planning  Philosophy  :  :'••.•» 

A.  Purpose  of  soil -water  Planning 

1.  To  protect,  maintain,  or  improve  soil  and  water  resources 
associated  with  public  lands,  by: 

a.  Preventing  deterioration  of  watershed  conditions  where 
technically  and  economically  feasible. 

b.  Rehabilitating  areas  where  runoff  and  accelerated  erosion 
have  resulted  in  unacceptable  resource  conditions. 

2.  To  prevent  or  minimize  the  threat  to  public  health  and  safety  or 
economic  losses  due  to  floods,  sedimentation,  or  decreased  water 
quality. 

3.  To  provide  a  systematic  process  for: 

a.  Identifying  and  quantifying  and  site-specific  watershed 
problems. 

b.  Identifying  actions  to  solve  problems. 

c.  Monitoring  progress  towards  established  watershed  project 
objectives. 

d.  Focusing  funds  and  personnel  on  project-level  activities. 

B.  Directly  Involves  Area/District  Manager 

1.  Works  with  soil -water  specialists  to  determine  target  areas  and 
scope  for  Activity  Plan  effort. 

2.  Designates  interdisciplinary  core  team  to  work  on  plan. 

3.  flakes  money  and  personnel  commitments  for  planning  effort  through 
AWP  process. 

4.  Works  with  team  to  develop  objectives. 

5.  Works  with  team  to  develop  actions  to  solve  problems. 

6.  Works  with  team  in  presenting  plan  to  affected  public  parties 

7.  Is  responsible  for  implementation  monitoring  and  adjustment  of 
planned  actions. 

C.  Activity  Plan  Functions 

1.  Problem  identification  and  analysis 

Once  problems  have  been  identified  and  analyzed  actions  can  be 
proposed  to  solve  problems  and  not  just  symptoms. 
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.   * '2/    Proposes  solutions.  "'..'. 

Solutions  are  derived  to  solve  identified  soil -water  problems. 

3.  Initiates  on  the  ground  actions 

Proposed  actions  are  translated  to  on  the  ground  projects. 
Problems  are  actually  solved. 

4.  Monitors-evaluates  actions 

All  actions  are  monitored  on  a  regular  basis  to  see  if  objectives 
are  being  met.  Adjust  plan  objectives  or  actions  to  better  solve 
soil -water  problems. 

5.  Provides  vehicle  to  request  Funding  through  AWP  process 
Bureau  policy  requires  soil -water  actions  be  analyzed  in  an 
activity  plan  before  they  can  be  funded. 

III.  What  type  of  Activity  Plan  Should  Be  Used 

A.  Site  Specific 

1.  Nature  and  extent  of  problem 

Problem  needs  to  have  a  preliminary  analysis  to  determine  the 
best  type  of  activity  plan  to  be  used. 

B.  When  is  a  New  Plan  Needed 

1.  Soil -Water  Problem  is  Beyond  Scope  of  Existing  Plan 

The  use  of  an  existing  plan  can  be  valuable  especially  if  it  is 
managing  the  resource  that  is  the  cause  of  the  problem  (ie. 
grazing,  timber  harvesting  or  mining).  This  way  decisions  can  be 
made  to  take  actions  to  solve  the  problem. 

C.  Use  of  Watershed  Management  Plan 

1.  Soil -Water  problems  are  beyond  the  scope  of  any  other  activity  plan 
This  type  of  plan  should  be  used  when  soil -water  problems  occur 
on  a  large  scale  causing  an  unrealistic  situation  where  other 
resource  values  cannot  be  addressed.  The  test  maybe,  "are  the 
soil -water  problems  affecting  other  resources  or  are  the  other 
resource  causing  soil -water  problems"? 

D.  Coordinated  Activity  Plan 

1.  Soil -Water  Problems  can  be  Addressed  in  Plan 

This  the  plan  that  should  be  used.  This  is  dependent  on  if 
management  is  willing  to  make  the  plan  boundaries  large  enough  to 
address  the  soil -water  problems.  This  may  require  that  watershed 
boundaries  be  used  instead  of  say  an  allotment  boundary.  This 
case  may  in  fact  have  several  or  one  allotment  within  the  plan 
boundary. 

2.  Decision  Document 

By  using  the  Coordinated  approach,  the  plan  will  provide  the 
power  to  make  decisions  on  the  uses  of  an  area  that  are  causing 
the  problem.  For  example,  the  plan  would  include  all  the 
management  prescriptions  to  solve  grazing  problems. 


IV.  Required  Activity  Plan  Elements  •  •...■:..•■•• 

A.  "Elements  Required  in  Watershed  Management  Plan  " 

These  elements  are  the  ones  required  by  the  activity  Plan  Manual 

1 .  Management  Summary 

2.  Detailed  site  description,  limited  to  soil,  water  and  related 
variables  which  have  direct  bearing  on  the  activity  plan 

3.  Identification,  quantification  and  analysis  of  the  soil  and  water 
problems  (see  Manual  Section  7310) 

4.  A  statement  of  the  specific  management  objectives,  ranked  in 
priority  order 

5.  A  map  delineating  target  areas  for  treatment 

6.  Project  design  alternatives  and  feasibility  analysis  (see  Manual 
Section  7330  and  9102) 

7.  Economic  analysis  of  project  alternatives 

8.  Assessment  of  project  risks 

9.  Environmental  and  cultural  clearances  (see  Manual  Section  9101) 

10.  Monitoring  plan  (see  Manual  Section  7340) 

11.  Anticipated  maintenance  needs  and  estimated  annual  costs  of 
maintenance  see  Manual  Sections  7340  and  9104) 

12.  Project  schedule  (see  manual  Section  9101.5) 

13.  Project  budget  (see  Manual  Section  9101.6) 

14.  Appendix  (e.g.,  final  engineering  drawings,  maps,  design 
specifications)  (see  Manual  Sections  9102  and  9103) 

15.  Environmental  assessment 

B.   Soil-Water  elements  necessary  to  be  included  in  other  activity  plans 
and  those  required  by  Bureau  Manual  1619  (Activity  Plan  Coordination) 
The  following  is  a  list  of  items  and  an  explanation  for  each,  that 
need  to  be  included  in  any  type  of  activity  plan  to  assure  that 
soil -water  concerns  are  adequately  address. 

1.  Description  of  Soil  and  Water  Condition 

A  description  of  the  soil  and  water  condition  of  the  proposed 
project  area  is  the  first  step.  This  should  be  a  detailed  site 
description,  limited  to  the  soil  and  water  conditions  which  have 
a  bearing  on  the  proposed  watershed  improvement.  The  description 
should  be  brief,  to  the  point,  and  quantified  in  standard 
measurement  units  where  information  is  available.  As  an 


example,  the  description  of  the  water  resources  could  include  the 
identification  of  water  quality  variables  quantified  as  specific 
as  Information  will  allow,  estimates  of  sediment  yields 
(ton/acre)  if  applicable,  estimated  water  yields,  watershed 
relief  or  a  description  of  the  ground  water  resources.   State 
water  quality  standards,  and  USGS  professional  papers/water 
supply  papers  can  be  incorporated  by  reference. 

2.  Problem  Identification  and  Analysis 

A  watershed  problem  is  defined  in  Manual  Section  7320  to  be  a 
soil  or  water  resource  condition  which  is  presently  unacceptable 
to  management,  or  an  opportunity  to  develop  or  enhance  the  soil 
or  water  resource.   The  problem  siltation  must  be  quantified  by 
field  measurements  and  stated  in  terms  which  will  allow  for  both 
selection  of  treatments  and  post-treatment  monitoring.  A 
description  of  the  unsatisfactory  watershed  components  (problem 
quantification)  stated  in  terms  of  that  specific  watershed 
component  is  required.  A  general  statement  such  as  "erosion  is  a 
problem  in  watershed  X,"  should  have  been  identified  in  the  RMP 
or  MFP  and  is  too  general  for  activity  planning  purposes.  The 
problem  must  be  quantified  such  as  "an  erosion  rate  of  6 
tons/acre  in  watershed  X  is  excessive  and  requires  a  50% 
reduction".   If  specific  numerical  quantifications  are  not 
available,  the  problem  should  be  broken  down  as  specific  as 
possible.  If  sediment  yield  is  a  problem,  the  precise  source  of 
that  sediment  should  be  identified. 

One  approach  to  problem  quantification  is  through  the  use  of 
evaluation  parameters.  The  watershed  component  in  the  problem 
area.  This  would  allow  the  manager  to  envision  where  the  problem 
area  is  located  in  respect  to  the  other  extreme  conditions,  and 
provide  him  with  a  qualitative  estimate  of  resource  conditions. 
Such  an  evaluation  system  is  useful  in  areas  where  a  specific 
standard,  such  as  state  water  quality  standards,  are  available. 
The  state  standard  provides  the  evaluation  criteria  as  the  where 
the  stream  sediment  should  be  in  relationship  to  current  uses. 
Once  the  problem  has  been  identified  and  quantified,  a  diagnosis 
or  determination  of  the  cause  must  be  completed.  This  is  an 
extremely  important  part  of  the  activity  plan  with  the  purpose 
being  to  avoid  the  mistake  of  treating  the  symptoms  instead  of 
causes.  Treating  symptoms  results  in  temporary  solutions  and 
constant  maintenance.  Treating  the  cause  will  result  in 
accomplishing  long-term  objectives. 


Current  Resource  Management  and  Existing  Data  Base 
The  watershed  improvement  project  must  be  conpatible  with  current 
resource  management.  Most  conflicts  should  be  resolved  in  the 
RMP,  but  some  my  exist  when  specific  site  locations  have  been 
identified.  Coordination  with  other  activities  must  be  done. 
This  is  on  of  the  advantages  of  utilizing  an  existing  AMP,  HMP, 
or  other  activity  plans. 


4.  Public  interest 

Public  interests  and  desires  concerning  a  particular  watershed 
project  need  to  be  addressed.  Local  entities  should  be 
coordinated  with  for  information  and  ideas. 
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5.  Objectives  •        •'       ;  ■  -  *; 

The  objectives  of  the  watershed  activity  are  based  upon  what 
management  wants  to  accomplish  with  the  watershed  project.'  These 
are  often  derived  from  R'IPs  or  MFPs.  The  objectives  are  the 
basis  for  the  activity  plan  and  must  be  stated  in  terms  that  can 
be  measured  in  the  same  units  as  used  for  problem 
quantification.  Quantification  of  the  objectives  is  the  basis 
for  monitoring.   If  multiple  objectives  are  to  be  met,  they 
should  be  assigned  a  priority  ranking,  with  the  more  important 
objectives  being  completed  first. 

6.  Constraints 

These  are  the  restrictions  on  the  proposed  watershed  project 
designed  to  protect  other  values.  Major  constraints  should  have 
been  identified  in  the  RMP,  or  MFP.  Besides  conflicts  with  other 
resources,  constraints  can  be  either  physical,  legislative, 
economic,  or  political.  Physical  constraints  can  be  topographic 
or  climatic.  Wilderness  designations  are  an  example  of  a 
legislative  constraint,  and  wishes  of  local  governments  and 
community  groups  are  examples  of  political  constraints.  Time  is 
also  a  constraint  on  activity  planning.   If  activity  planning  is 
not  done  in  a  timely  manner  and  results  in  delays  in  project 
implementation,  management  may  lose  interest  in  the  effort. 
Because  the  purpose  of  activity  planning  is  to  improve  watershed 
condition,  not  writing  watershed  plans,  only  about  10  percent  of 
the  programmed  work  months  and  funds  should  be  utilized  in 
watershed  activity  plan  preparation.  The  remaining  90  percent 
should  be  used  for  project  design  and  implementation. 

7.  Alternatives 

Prior  to  selecting  target  areas  and  watershed  treatments,   several 
project  alternatives  should  be  arrayed  and  analyzed  for 
management's  review  and  selection  of  a  preferred  alternative. 
All   alternatives  considered  should  be  capable,  with  a  high  degree 
of  probability,   of  achieving  the  management  objectives. 
Non-structural    (land-use  management)  as  well   as  structural 
alternatives  should  be  included.     Each  of  the  alternatives  should 
be  analyzed  using  the  following  criteria: 

a.  Technical  feasibility 

b.  Benefits  to  be  derived 

c.  Hydrologic  risk 

d.  Projected  maintenance  needs 

e.  Cost  effectiveness 

Technical    feasibility  should  be  reviewed  by  a  soil    scientist, 

hydrologist,   and  other  affected  resource  specialists.      If 

structural    treatments  are  proposed,   the  alternatives  should  be 

reviewed  by  an  engineer.      It  is  highly  recommended  that  an 

outside  technical    review  be  done  by  someone  not  directly  involved 

in  the  activity  plan. 

All   possible  on-site  and  off-site  resources  and  socioeconomic 

benefits  should  be  tallied  and,  wherever  possible,  quantified  for 

each  alternative. 

An  assessment  of  hydrologic   risk  should  be  done  for  each 

alternative.     This  will   be  used  for  determining  project  costs 


and  for  project  design  specifications.  BLM  Technical  Note  337-  • 
should  be  consulted  .for  risk  analysis  procedures.  . 
For  the  alternatives  which  involve  structural  ■ treatments, 
maintenance  needs  should  be  forecasted  for  the  life  of  the 
project.  Maintenance  costs  should  be  included  in  the  economic 
analysis  of  the  alternatives. 

All  costs  then  are  summed  for  each  alternative.  Because  of  the 
difficulty  in  placing  monetary  values  on  benefits  derived  from 
watershed  improvement  projects,  and  accurate  benefit-cost 
analysis  may  be  difficult  if  not  impossible  to  perform.  The 
recommended  type  of  economic  analysis  is  "cost  effectiveness 
analysis."  In  this  type  of  analysis,  it  is  assumed  the  benefits 
will  be  equal  for  all  alternatives.  All  costs  are  calculated  on 
a  present  value  basis.  The  preferred  alternative,  from  an 
economic  perspective,  it  the  one  with  the  lowest  cost.  Final 
selection  of  the  preferred  alternative  is  a  management 
responsibility.  The  alternative  recommended  to  management  should 
(1)  be  technically  feasible,  (2)  have  a  high  probability  of 
achieving  the  watershed  improvement  objectives,  (3)  have  the 
lowest  cost  per  unit  of  benefits,  and  (4)  be  acceptable  to  a 
majority  of  affected  public  land  users. 


8.  Preferred  Alternative  Selection 

The  preferred  alternative  will  include  the  following  elements: 

a.  Reason(s)  for  selection  of  the  preferred  alternative 

b.  Selection  of  target  areas  for  treatment 

c.  Maintenance  schedule 


9.  Monitoring/Evaluation 

This  is  the  part  of  the  activity  plan  where  progress  towards  the 
stated  objectives  is  measured.  Based  on  the  monitoring  data, 
changes  in  the  activity  plan  objectives  or  prescriptions  can  be 
proposed  and  implemented.  Monitoring  is  the  final  and  most 
important  step  in  the  Bureau  planning  process.   Information 
gained  from  monitoring  can  be  used  to  refine  objectives  and 
actions  proposed  in  future  activity  planning  efforts.  Continued 
refinement  of  objectives  and  methods  for  problem  solving  will 
assure  that  on  the  ground  projects  have  the  best  chance  of 
success  thus  saving  the  Bureau  money  in  the  future. 

10.  Maintenance  needs  and  costs 

Maintenance  cost  should  be  based  on  past  experience  with  the  same 
types  of  projects  that  are  being  proposed.  The  Division  of 
Operations  normally  keeps  records  of  construction  and  maintenance 
costs  for  similar  projects  which  will  aid  in  determining  this 
information  for  the  activity  plan. 

11 .  Project  schedule 

A  schedule  for  implementing  the  activity  plan  and  completing 
projects  should  include  all  major  subtasks,  their  planned 
completion  date  and  person(s)  responsible  for  completing  the 
subtask. 
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12.   Project  budget    •  •  !  •.•■•■••.-.••• 

The  actions  and  projects  (with  their  respective  costs)   to' be      ■"' 
taken  as  aresfllt  t)f  the  pT an  should  be  listed  in  priority 
order.     Once  the  order  is  established,   the  amount  of  the  plan 
that  can  be  implemented  in  any  given  year  can  be  determined  after 
AWP  cost  targets  are  received. 


13.   Environmental   Assessment 

The  area  Manager  will    determine  the  necessary  environmental 
clearances  and  mitigations  appropriate  to  the  preferred  project 
alternative  and  is  responsible  to  see  the  Environmental 
Assessment  is  completed. 
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Activity  Plan  Example-  "         '-;• 

A.  Round  Valley  " 

I  have  included  the  following  example  to  help  show  what  I  consider  to 

be  the  driving  force  and  value  of  an  activity  plan. 

In  this  example  all  the  data  collection,  problem  identification  and 

analysis,  and  economic  analysis  has  been  completed  and  the  actions  to 

be  taken  are  those  from  the  preferred  alternative.  The  analysis  has 

shown  that  the  main  problem  within  the  basin  is  mostly  historic 

grazing  uses  and  current  heavy  grazing  use  of  the  bottom  lands  which 

is  particularly  harmful  to  soil  area  2.   Soil  area  2  is  producing 

large  amounts  of  runoff  and  sediment  to  the  actively  eroding  gully 

system. 

The  eastern  half  of  the  basin  occurs  within  the  Mud  Springs  WSA  which 

places  a  constraint  on  the  implementation  of  many  desired  management 

actions.  The  only  action(s)  that  can  be  taken  within  the  VISA  are 

those  that  can  be  shown  to  be  non-imparing  to  wilderness  values.  An 

IMP  analysis  has  shown  that  construction  of  2  miles  of  fence  will  not 

impair  wilderness  values. 

The  list  that  follows  shows  how  I  have  approached  the  problem. 

Objective  1.    Reduce  sediment  yield  from  soil  complex  2  from  the 

current  estimated  rate  of  2.06  tons/acre/year  to  1.03 
tons/acre/year  within  10  years. 

Objective  2.    Increase  ground  cover  from  the  current  35%  to  55%  in 
10  years.  This  is  necessary  to  protect  the  soil 
surface  from  raindrop  impact. 

Action  1.      Build  2  miles  of  fence  that  are  necessary  to 

implement  a  3  pasture  deferred  rotation  grazing 
system. 

Action  2.      Reduce  livestock  numbers  by  the  allowable  amount 
based  on  Bureau  and  District  policy.  Continue  to 
adjust  livestock  numbers  to  bring  them  into  line  with 
carrying  capacity  as  determined  by  range  monitoring 
studies. 

Monitoring     Establish  2  paired  runoff  plots  to  measure  soil  loss 
on  soil  2.  Two  plots  will  be  fenced  to  exclude 
grazing  so  "natural"  soil  loss  can  be  measured.  The 
other  two  plots  will  continue  to  be  grazed.  Read 
soil  and  runoff  each  year  on  September  25. 

Establish  5  ground  cover  transects  on  soil  complex 
2.  Measure  ground  cover  at  each  transect  on 
September  25. 

Objective  3.    Reduce  sediment  yield  from  the  gully  system  from  2622 
tons/year  to  1105  tons/year  within  10  years. 

Action  3.      Build  20  check  dams  to  stabilize  and  control 

headcutting  and  widening  of  the  actively  eroding 

gully  system. 
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monitoring     Place  permenant  markers  at  all  current  headcut 

locations.'  Read  headcut  migration  from  these  fixed 
points  each  year  on  September  25. 
Place  a  marked  fence  post  in  upstream  side  of  each 
check  dam  to  measure  sediment  deposition.  Read 
annually  on  September  25. 


Evaluation     Evaluation  will  be  done  each  year  immediately 

following  data  collection.  Any  adjustments  to  the 
plan  or  actions  needed  will  be  authorized  by  the 
Area/District  Manger.  Final  Evaluation  of  the  plan 
will  be  made  in  10  years. 
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COMBINED  MANAGEMENT  PLAN 

I.  Introduction   •  ■"*•■*'   "  '  '  •' 

A.  Concurrence  and  Approval  Sheet 

B.  Purpose  and  Need 

C.  Consistency  with  Other  Planning 

II.  General  Information 

A.  Location  and  Land  Status 

B.  Resource  Information 

1 .  CI imate 

2.  Geology  and  Topography 

a.  Land  Form 

b.  Geologic  Units 

3.  Soils 

a.  Properties 

b.  Hydro! ogic  Group 

c.  Erosion  Hazards 

d.  Soil  Limitations 

4.  Water  Resources 

a.  Surface 

b.  Ground 

c.  Quality 

d.  Water  Rights 

e.  Water  Needs  for  Plan  Area 

5.  Vegetation 

a.  Type 

b.  Ecological  Site 

c.  Ecological  Condition 

6.  Livestock  and  Allotment  Information 

a.  Livestock  Forage  Condition,  Range  Trend,  Forage 
Utilization,  Range  Suitability  and  Surveyed  Capacity 

b.  Livestock  Operation 

c.  Existing  Range  Improvement  Projects 

7.  Wildlife 

a.  Types  of  Wildlife 

b.  Habitat  Condition 

c.  Critical  Habitat  Areas 

8.  Other  Resources 

C.  Constraints 

III.  Problem  Identification  and  Analysis 

IV.  RMP  or  MFP  Planning  Prescriptions  and  Management  Objectives 

V.  Managerial  Options 
A.   Grazing  System 

1 .  Grazing  Formula 

2.  Grazing  Schedule 

3.  Grazing  Sequence 

4.  Range  Improvement  Projects 

5.  Grazing  Use  Authorization 
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B.  Watershed  Improvement  Projects 

1.  Map  Showing  Projects 

2.  Project  Priority  List* 

3.  Costs 

C.  Wildlife  Habitat  Improvement  Projects 
0.   Alternative  Cost  and  Economic  Analysis 

VI.  Preferred  Alternative  Selection 

A.  Prioritization  of  Actions 

B.  Funding  Responsibilities  and  Commitments 

VII.  Coordination  with  Other  Programs 
T!   Review  by  Specialists 

VIII.  Monitoring  Studies  and  Evaluation 
"A^   Livestock  Grazing 

1 .  Standards 

2.  Methods 

3.  Intervals 

B.  Watershed 

1 .  Standards 

2.  Methods 

3.  Intervals 

C.  Wildlife 

1 .  Standards 

2.  Methods 

3.  Intervals 
0.   Plan  Evaluation 

1.  Standards 

2.  Methods 

3.  Intervals 

IX.  Implementation  Schedule 

X.  Public  Participation 

XI.  Management  Agreement 

XII.  Environmental  Analysis 
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I.-   Introduction        •  •■"  "••."'''      '      •-*'  •  ■  •  . '" :  '  •  ■"•* 

This  section  outlines  the  need  for  the  planning  effort.-  There  are"  certainly 
problems  or  a  plan  would  not  be  written  on  an  area.  This  section  should 
include  a  brief  description  of  the  consequences  involved  if  the  plan  is  not 
implemented. 

Also  this  section  should  outline  the  consistency  this  plan  has  with  other 
plans,  such  as,  has  the  area  been  identified  in  the  broad  land  use  plan(EIS, 
RMP,  URA-MFP)  and  is  the  proposed  plan  consistent  with  any  other  activity 
plans  written  on  the  area. 

II .  General    Information 

Information  included  in  this  section  outlines  the  existing  resources  condition 
much  the  same  way  as  an  EIS  or  EA  does. 

The  constraint  portion  needs  to  outline  all  resource,  physical  and/or 
political  problems  that  could  present  difficulties  in  implementing  the  plan. 

III.  Problem  Identification  and  Analysis 

All  problems  in  the  area  that  have  lead  to  resource  degradation  need  to  be 
identified  and  analyzed.  This  is  important  so  the  plan  proposes  to  solve  the 
problem  and  not  just  the  symptoms.  A  good  analysis  of  the  problems  will  also 
help  to  assure  that  the  same  things  that  caused  the  resources  to  degrade  do 
not  occur  again. 

IV.  Management  Objectives 

This  section  ties  directly  to  the  problem  analysis  section.  Objectives  should 
be  written  to  solve  each  identified  problem.  The  objectives  need  to  be 
quantifiable,  site-specific  and  realistic  (ie  increase  wildlife  forage  by  200 
lbs/acre/year  or  reduce  sediment  yield  by  1  ton/acre/year).  This  is  necessary 
because  the  monitoring  plan  will  be  written  to  compare  the  on  the  ground 
actions  against  what  is  happening  on  the  ground  to  determining  if  the 
objectives  are  being  meet. 

V.  Alternative  Identification  and  Analysis 

Alternatives  should  be  identified  that  will  meet  the  objectives.  These 
alternatives  should  present  a  number  of  ways  to  solve  the  resource  problems 
that  have  been  identified.  The  alternatives  identify  ways  that  the  resource 
values  can  be  improved  through  time  regardless  of  budget  allocations.  Current 
realities  require  that  we  address  problems  with  reduced  funds.  The 
alternative  chosen  as  the  preferred,  will  likely  have  a  large  expenditure  of 
funds.   If  the  preferred  alternative  was  the  only  way  of  meeting  the 
objectives,  the  plan  in  essence  becomes  useless  in  meeting  the  objectives. 
Inclusion  of  objectives  allows  the  Bureau  to  address  the  problem  at  any  level 
depending  on  funding. 

A  benefit  cost  analysis  must  be  included  for  each  alternative.  This 
information  can  then  be  used  in  determining  which  alternative  would  be  chosen 
as  the  preferred. 
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VI.-'      Preferred  Alternative'  Selection  .  •    •  .     • 

•  — — - — ^— ^—  ■ '  . 

This  section  provides  a  brief  discussion  of  the  preferred  alternative  and  why 
this  was  the  alternative  chosen. 

VII .  Coordination  with  Other  Programs 

This  section  would  be  used  for  coordination  purposes.   It  is  not  only 
important  to  assure  the  proposed  actions  are  not  presenting  unacceptable 
problems  to  other  resources  but  the  other  programs  could  provide  unique  and 
cost  effective  ways  in  meeting  the  objectives. 

VIII.  Monitoring  Studies  and  Evaluation 

A  monitoring  plan  would  be  written  to  evaluate  all  actions  to  determine 
progress  towards  meeting  the  outlined  objectives.  The  plan  would  include 
quantifiable  studies( transects,  photo  points  ect. )  that  would  be  used  as  the 
"yard  stick"  to  measure  progress.  The  plan  provides  the  information  to  change 
action,  change  objectives  and/or  include  new  actions. 

IX.  Implementation  Schedule 

This  section  outlines  the  priorities  to  be  taken  in  implementing  all  on  the 
ground  actions.   It  also  lists  program  and  fundi ng(  or  mixture  of  funds)  all 
programs  will  be  responsible  for.  Actions  would  be  placed  in  priority  order 
for  implementation.  Following  is  an  example  of  the  process.  Four  sediment 
retention  structures  will  be  constructed  in  year  1  of  plan  implementation. 
Costs  of  the  project  will  be  shared  equally  between  Soil -Water-Air,  Range  and 
Wildlife. 

X.  Public  Participation 

This  section  contains  information  regarding  the  amount  of  public  coordination 
that  has  taken  place  in  producing  the  plan.  The  level  and  amount  of  public 
participation  should  be  commensurate  with  the  sensitivity  of  the  area  and  the 
proposed  actions.  For  example,  an  area  of  heavy  grazing  and  threatened  or 
endangered  plants  or  animals  should  be  coordinated  with  the  permittees,  Fish 
and  Wildlife  Service  and  possibly  the  Congressional  Delegation. 

XI.  Management  Agreement 

This  section  outlines  the  portion  of  the  plan  the  permittee,   the  Bureau  and 
any  other  public   interest  group  is  responsible  for.      Responsibilities  would  be 
clearly  spelled  out  to  prevent  confussion. 
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BUREAU  OF  LAND  MANAGEMENT 

WATERSHED  ACTIVITY  PLAN  IMPLEMENTATION 

AND  PROJECT  PLANNING  CHECKLIST 


District 


Project  Name 


Project  Leader 


Project  Location 


Resource  Area 


Target  FY  for  Completion 


WORK  TASKS 


PERSON 
RESPONSIBLE 


PLANNED      ACTUAL 
COMPLETION  COMPLETION 
DATE        DATE 


INITIAL 


1.  Project(s)  proposed  to  Area 
Manager  and  approved  for  further 
planning. 

2.  Final  management  objectives 
defined. 


3.   Target  areas  delineated. 
A.   Project  map(s)  prepared. 

5.  Project  file  prepared  and 
JDR  number  assigned. 

6.  Shov-me-tour  with  Area 
Manager,  appropriate  resource 
specialists,  operations  staff, 
permittee(s) ,  and  other  affected 
agencies. 

7.  Initiate  and  prepare  draft  of 
needed  cooperative  agreements. 


8.  Area  Manager  reviews  and 
resolves  any  conflicts;  if  conflicts 
area  irreconcileable,  terminates 
project. 

9.  On-site  feasiblity  studies 
conducted;  specific  project 
locations  flagged. 


i« 


WORK  TASKS 


PLANNED      ACTUAL 
PERSON     COMPLETION  COMPLETION 
RESPONSIBLE     DATE        DATE     INIT1A! 


10.  Archaeological  clearances 
obtained;  easements  and  rights- 
of-way  acquired  as  necessary. 

11.  Hydrologic  and  soils  analysis 
completed  for  project  design. 

12.  Engineering  designs  completed. 

13.  Prepare  cost  estimates. 

14.  Final  field  survey  and  design 
completed . 

15.  AWP  information  prepared. 

16.  Projects  approved  by  DM  for 
inclusion  in  AWP. 

17.  Requisitions  for  contracting 
and  materials  submitted. 

18.  Contract  bids  solicited. 

19.  Materials  ordered. 

20.  Personnel  scheduled. 

21.  Show-me-tour. 

22.  Contract  award. 

23.  File  notice  of  interest 
to  construct. 

2A.  Contract  administration  and 
final  acceptance. 

25.  Monitoring  plan  initiated. 

26.  Project  completed. 

27.  JDR  completion  and  submission. 
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Course:   7000.1 
Instructor:   Volk 


RESOURCE  MANAGEMENT  THROUGH  SOIL  INTERPRETATIONS 


Prerequisites:  Knowledge  of  National  Soils  Handbook  (NSH),  Soil  Survey  Manual 
(SSM),  National  Cooperative  Soil  Survey  (NCSS),  Bureau  of  Land  Management  Soil 
Manual  7000  and  7100 

Objectives : 

1.  To  be  able  to  provide  soil  interpretations  to  other  disciplines  and 
management  from  data  sources,  such  as  published  soil  surveys  and  soils  form  5 

2.  To  be  able  to  initiate,  test,  coordinate,  and  prepare  interpretations 
where  none  exist  for  resource  management 

Topic  Outline: 

1.  Interpretation 

a.  Definitions 

b.  Purpose  of  Interpretations 

c.  Soil  Limitation  Ratings 

d.  Soil  Suitability  Ratings 

e.  Technical  Guides 

f.  Soil  Potential  Guides 

2.  Interpretations  from  a  Soil  Survey 

a.  Published  Soil  Survey 

b.  Unpublished  Soil  Survey  Information 

3.  Interpretations  from  "Scratch" 

4.  Summary 
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Resume: 

William  P.  Volk 

Certified  Professional  Soil  Scientist  $1546 

by  American  Registry  of  Certified  Professionals 
in  Agronomy,  Crops,  and  Soils,  Ltd. 

(ARCPACS) 

Education; 

BS  in  Ag.  Production  1972     Montana  State  University 

MS  in  Soils  1974     Montana  State  University 

Employment : 

1966-1969  U.S.  Army 

1970-1974  Montana  State 

1974-1979  Soil  Conservation  Service  -  Soil  Scientist 

1979-present  BLM  -  Soil  Scientist 

Presently: 

State  Soil  Scientist/Range  Conservationist  at  Montana  State  Office,  932, 

FTS  585-6655 

Program  Leader  for  8100/8200  Range  Improvements 
Assists  with  4322  and  4341  programs 
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Definitions: 

Interpret 

To  explain  or  clarify  the  meaning  or  significance  of:   Scientists 
interpret  data. 

Interpretation 

The  act  or  process  of  interpreting;  our  explanation  of  the  meaning 
of  something  unclear. 

Interpreter 

A  person  who  explains  or  expounds  on  a  certain  subject. 


LIST  OF  REFERENCES /READINGS 


1.  The  Prairie 

J.  E.  Weaver  and  T.J.  Fitzpatrick  -  University  of  Nebraska 

2.  Natural  Resources  and  Public  Relations 

Douglas  L.  Gilbert 

3.  Soil  Conditions  and  Plant  Growth 

E.W.  Russell 

4.  Field  Guide  to  Soils  and  the  Environment 

Gerald  W.  Olson 

5.  National  Soils  Handbook 
Soil  Survey  Manual 

Soil  Survey  Staff        USDA  -  S.C.S. 

6.  Soil  Surveys  &  Land  Use  Planning 

Bartelli,  L.J.,  A. A.  Klingebill,  J.V.  Baird  &  M.R.  Heddleson 

7.  Planning  the  Uses  and  Management  of  Land.   Monograph  21 
American  Society  of  Agronomy,  Madison,  WI. 

8.  The  Tragedy  of  the  Common's  Revisited      B.L.  Crowe 
Science  166:   1103-1107 

9.  BLM  Manual,  7000  -  Soil,  Water,  and  Air  Management  -  3/8/84 

10.  BLM  Manual,  7100  -  Soil  Resource  Management  -  8/15/84 
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INTERPRETATIONS  FROM  SCS-5/SOIL  SURVEY  DATA 


PROBLEM  1 


Q:   What  is  the  Hydrologic  Group  of  soil  map  unit  L5  (McCone  Co.)? 


PROBLEM  2 


Q:   What  is  a  seeding  mixture  for  the  same  soil  map  unit  (15)? 


PROBLEM  3 

Q:   Will  soil  map  unit  28  pose  any  problems  for  the  construction  of  a 
pipeline?   In  map  unit  24? 


PROBLEM  4 
Q:   Which  soil  map  units  have  potential  for  riparian  concerns? 


PROBLEM  5 


INTERPRETATIONS  FROM  "SCRATCH" 


Given: 

A  mechanical  treatment  (contour  furrowing)  has  been  done  in  one 
area  for  about  15  years.   The  few  reports  have  indicated  increases 
in  production  of  3  to  5  times  as  previously  produced. 

The  prevailing  thought  is  to  start  contour  furrowing  landscapes 
throughout  the  state  to  increase  productivity. 

As  a  group  (planning  team  of  Range,  Soils,  Wildlif e,  Hydrologists) 
you  have  been  asked  to  approve  and  assess  impacts  of  this  mechanical 
treatment. 

What  is  your  reaction/evaluation  to  this  proposal  and  how  would  you 
set  up  a  soil  interpretation  for  this? 
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RANGELAND  MECHANICAL  TREATMENT  GUIDE 

When  it  has  been  determined  that  grazing  management  systems  cannot  reach 
desired  goals  in  a  realistic  time,  mechanical  treatments  with  good  grazing 
management  practices  can  be  considered. 

The  following  information  will  be  useful  in  selecting  appropriate  land 
treatments. 

Pros  and  Cons  of  Rangeland  Mechanical  Treatment  and  Fertilization 

The  following  conclusions  on  rangeland  mechanical  treatment  and  fertili- 
zation are  drawn  from:   1.   Research,   2.   Field  observations  and  3. 
Ranchers '  experience . 

These  treatments  a~^>  designed  to  improve  livestock ' grazing,  watershed 
condition,  wildlife  habitat  and  recreation.   These  mechanical  treatments 
result  in  long  term  benefits  of  20  years,  or  more. 

Mechanical  Treatments 

f 

I.    Scalping  and  Furrowing 
A.   Advantages 

1.  Increases  vegetative  production,  diversity  and  vigor. 

2.  Reduces  runoff  -  captures  moisture  on  site. 

3.  Increases  soil  moisture  available  for  plant  growth. 

4.  Provides  forage  during  drier  years. 

5.  Provides  opportunities  for  seeding. 

6.  Improves  vegetative  ground  cover. 

7.  Improves  water  quality. 
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B.   Disadvantages 

1.  Livestock  and  wildlife  dislike  traversing  furrows. 

2.  Extra  forage  nay  not  be  used  if  animals  have 
another  grazing  choice. 

3.  May  cause  overuse  of  untreated  areas  in  same  pasture. 

4.  Reduces  runoff  into  reservoirs. 

5.  Livestock  can  be  trapped  when  lying  down. 

6.  Equipment  is  not  available  to  many  ranchers. 

7.  Equipment  and  maintenance  costs  are  high. 

8.  Labor  intensive;  extra  care  must  be  taken  to  lay  out 
furrows  on  contour. 

9.  Restricts  vehicle  use. 
II .  Chiseling 

A.  Advantages 

1.  Increases  vegetative  production,  diversity  and  vigor. 

2.  Equipment  is  available  to  many  ranchers. 

3.  Movement  of  vehicles,  livestock  and  wildlife  are  only 
slightly  altered. 

4.  Increases  soil  moisture  for  plant  growth. 

5.  Increases  vegetative  ground  cover. 

6.  Easy  to  lay  out  and  complete  -  exact  contour  is  not  necessary. 

7.  Chiseling  equipment  is  flexible,  shovel  size,  and  nature  of 
shank  (straight  or  twisted)  can  be  selected  for  soil  and 
vegetation  conditions. 

B .  Disadvantages 

1.  May  be  less  productive  than  scalping  or  furrowing  on  most  sites. 

2.  May  require  two  passes  to  reach  desired  soil  and  vegetative 
disturbance,  thus  costs  may  be  increased. 


» 
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Range  Fertilization 

A.  Advantages 

1.  Increases  vegetative  production 

2.  Increases  nutrition  and  palatability  of  forage 

3.  Draws  animals  into  areas  not  ordinarily  used. 

4.  Increases  vegetative  ground  cover  reducing  runoff  and  erosion 

B.  Disadvantages 

1.  Management  needs  are  increased  to  prevent  the  following 
problems: 

a.  Vegetation  tends  to  go  to  monoculture  (favoring  most 
vigorous  species) . 

b.  Undesirable  vegetative  species  may  increase  (due  to  overuse 
of  palatable  species) . 

c.  Vegetation  and  soils  on  small  fertilized  areas  may  be 
damaged  due  to  concentration  of  animals. 

2.  Ecological  condition  may  decrease. 
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SUITABILITY  GUIDE  FOR  RANGELAND  MECHANICAL  TREATMENTS 

The  following  guide  has  been  developed  by  BLM  Soil  Scientists,  and 
other  specislists,  for  use  on  Montana  and  Dakota  public  lands. 

Mechnlcal  treatments  nay  be  considered  as  an  alternative  method  of 
increasing  vegetative  production  and  improving  watershed  condition. 
Treatment  feasibility  should  be  considered  where  grazing  management 
systems  cannot  reach  desired  goals  in  a  realistic  time. 

Factors  influencing  feasibility  of  treatments  are:   (1)  soil  properties, 
(2)  existing  plant  community,  (3)  objectives  of  treatment,  (4)  anticipated 
response  from  treatment,  (5)  economics,  (6)  availability  of  equipment, 
(7)  conditions  that  influence  operation  of  equipment. 

The  objectives  of  mechanical  treatment  should  be  carefully  analyzed. 
It  may  be  desirable  to:   (1)  change  existing  vegetation  (i.e.,  reduce 
clubmoss-blue  grama  dominance)  and/or  (2)  correct  a  soils  problem  (i.e., 
breakup  of  claypan  or  compacted  layer).   Vegetation  can  be  changed  to 
improve  range  condition  or  to  maximize  production.   Treatment  should  be 
selected  to  best  reach  the  desired  objective. 

To  use  the  table,  first  consider  each  factor  in  the  left  column  independent 
of  others,  then  consider  interrelated  factors  to  reach  a  final  rating. 
These  are  evaluated  in  the  following  table. 

Relevant  conditions  not  evaluated  in  the  table  must  also  be  considered. 
For  example,  kinds  of  bedrock  (i.e.,  consolidated,  fractured,  etc.)  will 
influence  suitability  for  mechanical  treatments.   Aspect  will  influence 
the  amount  of  moisture  available  for  plant  use. 


y 
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Treatment  effect  upon  water  infiltration  and  runoff  is  an  Important 
consideration.  Many  treatments  will  increase  infiltration  and  reduce  runoff; 
but  less  runoff  may  not  be  desirable  in  cases  where  downstream  use  of 
water  has  a  higher  priority. 

Wildlife  Considerations 

Mechanical  treatment  of  sagebrush  land  should  not  be  done  on  sage  grouse 
or  sharptail  strutting  grounds,  or  on  nesting  or  other  special  use  areas. 
No  vegetal  control  should  be  attempted  along  streams,  meadows  or  secondary 
drainages  (dry  and  intermittent)  unless  done  as  part  of  a  planned  meadow 
rehabilitation  effort.  Normally,  a  buffer  strip  of  living  sage  should  be 
retained  on  each  edge  of  meadows  and  drainages.  Onsite  inspections  by 
wildlife  personnel  should  be  made  to  determine  these. 

Projects  to  control  sagebrush  should  be  designed  in  irregular  patterns. 
Design  should  consider  natural  terrain,  vegetative  types,  brush  density, 
sage  grouse  special  use  areas  and  other  habitat  needs.   No  large  blocks 
of  sagebrush  should  be  treated  in  occupied  sage  grouse  range,  or  on 
antelope  or  deer  winter  range. 
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Montana  BLM 
March  1984 


SELECTION  OF  LAND  TREATMENT 
BY  RANGE  SITE 


In  addition  to  the  foregoing  Interpretation  guide  on  the  suitability  of 
soils  and  related  factors  for  rangeland  mechanical  treatment,  It  may  be 
helpful  to  consider  the  selection  of  land  treatment  according  to  range 
sites. 

The  following  table  shows  the  type  of  treatment  (mechanical,  burning  or 
chemical)  suited  to  correct  common  soil  or  vegetation  problems  found  on 
certain  range  sites.  Where  two  or  more  vegetation  or  soil  problems  are 
present  (dense  sagebrush  on  claypan  soils)  select  the  treatment  that  will 
solve  both  problems;  the  claypan  problem  cannot  be  reduced  just  by  burning 
sagebrush.  Range  sites  not  shown  In  the  table  are  generally  unsulted  to 
mechanical  treatments. 

Note  that  vegetative  changes  can  be  accomplished  with  fire,  chemicals  or 
a  surface  layer  treatment  (I.e.,  chiseling)  but  to  correct  a  subsoil 
problem  may  require  a  deeper  treatment  (I.e.,  furrowing  or  deep  chiseling). 

Additional  factors  must  be  considered  to  determine  the  final  suitability 
of  a  site  for  mechanical  treatment.   These  factors  are  in  the  foregoing 
section,  on  rating  soil  properties  and  related  factors.   The  narrative 
discusses  objectives  of  a  treatment. 

Finally,  land  treatments  cannot  be  considered  an  alternative  to  good 
management  practices,  but  will  require  a  high  level  of  management  following 
the  treatments. 


Encl.  1-9 


t 


i 


GUIDE  TO  TREATMENT  SELECTION  BY  DOMINANT  RANGE  SITE  1/ 


vegetation  or 
Soil  Problem 


March  1984 


CLAY  PAN 


CLAYEY 


DENSE  CLAY  2/  OVERFLOW 


SANDY 


SILTY 


SHALLOW  3/ 


Blue  grama  and/ or   A4,  A2,  Al,  A3  A3,  A2,  Al  N/A 
clubmoss         CI,  C3,  C2     61,  B3,  82 
Dl,  02        01,  D2 


Claypan 

A4,  A2. 
CI,  C3, 
01,  02 

Al,  A3 
C2 

N/A 

N/A 

Compaction 
Suface  Layer 
down  to  8  Inches 

A3,  A2, 
Bl,  B3 
Dl 

Al 

A3,  A2, 
81,  B2, 
01,  02 

Al 
83 

A2,  Al 
CI,  C3 

Subsoil  below 
8  inches 

A4 
CI,  C3 

A4 

CI,  C2, 

01,  02 

C3 

N/A 

Dense  big  sage- 
brush (  30X 

E,  G 
02 

E,  G, 
02 

E,  G 

cover) 

Weedy  or  nearly 
barren  areas 

C2 

02,  01 

01,  02 
B2,  Bl 

C2 

A2,  A3, 

Al 

A2,  Al 
C2 

Borrow  areas  4/ 

Dl,  D2 
F 

02,  02 

F 

Dl,  02 
F 

Al,  A2,  A3, 
01,  02 

A4 

A3,  A2,  Al 
01,  02 

A3,  A2,  Al 
Bl,  B2,  B3 
01,  02 

N/A 

N/A 

N/A 

A2,  Al,  A3 
01 

A3,  A2,  Al 
01,  02 

A3,  A2,  Al 
Bl,  B3,  B2 
01,  02 

A4 
Dl 

N/A 

A4 

N/A 


A2,  A3 
01,  D2 


Dl,  D2 

F 


N/A 


Dl,  D2 


Dl,  D2 
F 


E,  G 
02 


01,  02 

B2 

C2 


Dl,  02 

F 


I 


Make  choice  of  treatments  based  on  range  condition,  planned  grazing  system,  available  equipment,  desire  of 
-mittee  and  benefit/cost.  The  order  of  listed  options  may  be  changed  based  on  local  conditions.  - 


These  range  sites  are  dominant  in  the  treatment  area. 

2/  Good  range  management  is  usually  the  most  economical  choice  of  treatment  due  to  the  low  production  potential  on 
This  range  site. 

3/  Inclusions  of  shallow  soils,  if  treated,  will  be  given  the  same  mechanical  treatment  as  the  dominant  soil/range 
Tite. 

4/  Saving  and  replacing  the  topsoil  is  the  first  concern  on  these  areas. 

NOTE:  Fertilizer  is  a  tool  that  can  be  used  to  encourage  better  livestock  distribution  in  addition  to  other  uses. 

KEY  TO  TREATMENTS  ON  RANGELAND 


.v 


A.  Chiseling  at  4-6  inch  depth 

Al  Using  straight  shanks  -  2  operations 

(last  on  contour) 
A2  Using  twisted  shanks  -  2  operations 

(last  on  contour) 
A3  Using  6-inch  shovels  (sweeps)  -  1  operation 

(on  contour) 
A4  Deep  chiseling  at  6  to  10-inch  depth  - 

2  operations  -  (last  on  contour) 


B.  Contour  scalping  at  2-4  inch  depth 

Bl  Interseed  with  alfalfa 

82  Interseed  with  grass  and  alfalfa 

B3  No  interseeding 


D.  Seedbed  preparation  and  seeding 

Dl  Two  operations  with  chisel,  then  third  operation 

with  drill  attached. 
02  Plow  and  seed 

E.  Burning 

F.  Fertil izing 

G.  Chemical 


I 


C.  Contour  furrowing  at  4  to  10-inch  depth 


CI  Interseed  with  alfalfa 

C2  Interseed  with  grass  and  alfalfa 

C3  No  interseeding 


10 
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Course  7000.1 
Instructors:   Foster 
Webster 


GEOGRAPHIC  INFORMATION  SYSTEMS 

Objectives 

1.  To  understand  the  GIS  technology,  its  status  in  BLM,  and  its  possible 
applications  in  soil,  water,  and  air  management. 

2.  To  use  a  GIS  to  create  maps  and  solve  simplified  problems  in  planning  and 
watershed  analysis. 

Topic  Outline 

I.  GIS  -  What  is  it? 

A.  Definition  -  a  means  of  digitally  representing  spatial  data  for 
the  purpose  of  data  analysis. 

B.  Data  Capture 

1.  Points,  lines,  and  polygons 

2.  Sub-systems  available  in  BLM 

C.  Data  Analysis 

1.  Map  Overlay  and  Statistical  System  (MDSS) 

2.  Map  Analysis  Processing  System  (MAPS) 

D.  Data  Output 

1.  Cartographic  Output  System  (COS) 

2.  MOSS  and  MAPS  capabilities 

II.  GIS  -  Where  is  it? 

III.  GIS  -  How  is  it  used? 

A.  Soil  Landscape  Analysis  Project  (SLAP) 

B.  Other  applications 

IV.  Hands-On 

A.  A  walk  through  of  commands  necessary  to  get  started 

B.  Basic  exercise  to  build  familarity  and  confidence 

C.  Watershed  exercise 

V.  Question/Answer  Review  Session 


^*hn  U.  Foster  D-443  Denver  Service  Center  C303DS36-0100  FTS  776-0100 

1365-1969  U.S.  Air  Force  -  Computer  Systems  Specialist 
Adana,  Turkey  and  Siagon,  Uietnam 
Burroughs,  UNIUAC,  and  IBM  programmming  and  system  design 

1970-1974  Connecticut  State  University  -  Degree  in  Biological  Sciences 
minors  in  environmental  chemistry,  mathematics,  and  computer 
science 

1975-1977  Montana  State  University  -  Plasters  of  Range  Science  with  a 
minor  in  soils  science 

1977-1979  Rio  Grande  Resource  Area  Range  Conservationist,  BLM  Albuquerque 
District  Established  Rio  Grande  Water  Quality  and  Monitoring 
study  and  completed  MFP  For  Rangeland  Resources  along  with 
normal  range  program  demands. 

1979-19B3  Taos  Resource  Area  lead  Range  Conservationist,  BLM  Alburquerque 
District  Designed  and  implemented  range  inventory  and 
monitoring  studies,  completed  pilot  Landsat  project  along  with 
normal  range  program  duties. 

1983-1984  DSC,  Branch  of  Remote  Sensing,  Natural  Resource  Specialist 

Established  new  Remote  Sensing  Training  course,  lead  project 
m  manager  for  Kemmerer,  Pinedale,  Washakie,  Wyoming  and  Soda 

™  Springs,  Idaho  Remote  sensing  Projects. 

19B4-present  DSC,  Branch  of  Applications  Assistance,  Natural  Resource 

Specialist,  Project  leader  for  Soil  Landscape  Analysis  Project 
Tonopah,  Nevada,  and  Arizona  Strip  Projects.  Lead  coordinator 
in  GIS  applications  For  Renewable  Resources,  State 
Implementation  Plans  and  Technical  Support  For  peripheral 
equipment  procurement. 


Course  7000.1 
Instructors:   Foster 
Webster 


GEOGRAPHIC  INFORMATION  SYSTEMS 

Objectives 

1.  To  understand  the  GIS  technology,  Its  status  in  BLM,  and  its  possible 
applications  in  soil,  water,  and  air  management. 

r 

2.  To  use  a  GIS  to  create  maps  and  solve  simplified  problems  in  planning  and 
watershed  analysis. 

Topic  Outline 

I.  GIS  -  What  is  it? 

A.   Definition  -  a  means  of  digitally  representing  spatial  data  for 
the  purpose  of  data  analysis. 

8.   Data  Capture 

1.  Points,  lines,  and  polygons 

2.  Sub-systems  available  in  BLM 

C.  Data  Analysis 

1.  Map  Overlay  and  Statistical  System  (MDSS) 

2.  Map  Analysis  Processing  System  (MAPS) 

D.  Data  Output 

1.  Cartographic  Output  System  (COS) 

2.  MOSS  and  MAPS  capabilities 

II.  GIS  -  Where  is  it? 

III.  GIS  -  How  is  it  used? 

A.  Soil  Landscape  Analysis  Project  (SLAP) 

B.  Other  applications 

IV.  Hands-On 

A.  A  walk  through  of  commands  necessary  to  get  started 

B.  Basic  exercise  to  build  familarity  and  confidence 

C.  Watershed  exercise 

V.  Question/Answer  Review  Session 
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1965-1969  U.S.  Air  Force  -  Computer  Systems  Specialist 
Adana,  Turkey  and  Siagan,  Uietnam 
Burroughs,  UNIUAC,  and  IBM  programmming  and  system  design 

1970-1974  Connecticut  State  University  -  Degree  in  Biological  Sciences 
minors  in  environmental  chemistry,  mathematics,  and  computer 
science 

1975-1977  Montana  State  University  -  Masters  of  Range  Science  with  a 
minor  in  soils  science 

1977-1979  Rio  Grande  Resource  Area  Range  Conservationist,  BLM  Albuquerque 
District   Established  Rio  Grande  Water  Quality  and  Monitoring 
study  and  completed  MFP  For  Rangeland  Resources  along  with 
normal  range  program  demands . 

1979-1983  Taos  Resource  Area  lead  Range  Conservationist,  BLM  Alburquerque 
District   Designed  and  implemented  range  inventory  and 
monitoring  studies,  completed  pilot  Landsat  project  along  with 
normal  range  program  duties. 

19B3-19B4  DSC,  Branch  of  Remote  Sensing,  Natural  Resource  Specialist 

Established  neiu  Remote  Sensing  Training  course,  lead  project 
manager  for  Kemmerer,.  Pinedale,  Washakie,  Wyoming  and  Soda 
Springs,  Idaho  Remote  sensing  Projects. 

1984-present  DSC,  Branch  of  Applications  Assistance,  Natural  Resource 

Specialist,  Project  leader  for  Soil  Landscape  Analysis  Project 
Tonopah,  Nevada,  and  Arizona  Strip  Projects.  Lead  coordinator 
in  GIS  applications  for  Renewable  Resources,  State 
Implementation  Plans  and  Technical  Support  for  peripheral 
equipment  procurement. 
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GEOGRAPHIC  INFORMATION  SYSTEM 
APPLICATIONS  IN  WATERSHED  ANALYSIS 


APRIL  S3,  19BB 
B:00  -  10:00  AM 

I .  INTRODUCTION  TO  GIS 

A.  WHAT  IS  A  GEOGRAPHIC  INFORMATION  SYSTEM 
1.  SOFTWARE  CURRENTLY  USED  BY  THE  BLM 
S.  HARDWARE  REQUIREMENTS  FOR  GIS 

B.  WHAT  DOES  THE  GIS  DO? 

1.  SPATIAL  DATA 

2.  ANALYSIS 

-  RECLASSIFY 

-  OUERLAY 

-  DISTANCE 

-  NEIGHBORHOOD 


10:00  -  10: 15AM    BREAK 

10: 15  -  11:30AM 

II.  HANDS-ON  INTRODUCTION 

A.  LOGON  PROCEDURE 

B.  BASIC  COMMANDS 

MOSS  COMMANDS 
OPEN     ACTIUE 
LIST     WINDOW 
SELECT   PLOT 
ACTIUE   BYE 
HELP     OUERLAY 


MAPS  COMMANDS 
OPEN         LIST 
DESCRIBE     WINDOW 
PLOT         INTERSECT 
CATERG0RI2E  EXPLAIN 
AREA         BYE 


C.  ANALYSIS  EXERCISE 

D.  HAND-OUT  AFTERNOON  EXERCISE  FOR  DISCUSSION 
11:30  -  IB: 30  LUNCH 

IE: 30  -  4:30PM 

III.  WATERSHED  ANALYSIS  EXERCISE  AND  OPEN  DISCUSSION 


AN 

INTRODUCTION 
TO  GEOGRAPHIC 
INFORMATION 
SYSTEMS 


By  Solomon  Kcrtz,  and  the  Staff  of  the 
Division  of  Advanced  Data 
Technology,  U.S.  Bureau  of  Land 
Management 

Geographic  Information  Systems 
(GIS)  have  been  around  for  at  least 
20  years.  Only  recently  have  the  costs 
of  computer  hardware  declined  to  the 
point  that  small  companies,  and  even 
individuals,  can  afford  to  maintain  a 
GIS.  GIS  technology  can  be  used  to 
manipulate  spatial  information  and 
data,  whether  derived  from  a  map  or 
other  source.  A  GIS  includes  an  au- 
tomated filing  system  for  the  spatial 
data,  but  is  most  valuable  as  an  an- 
alytical tool. 

As  geologists,  we  are  accustomed 
to  using  maps  in  our  work.  Manual 
geographic  information  storage  can 
simply  involve  map  files  or  storage 
cabinets,  from  which  we  retrieve  data 
either  by  memory  or  by  using  some 
sort  of  index  system.  To  combine, 
yze,  and  and  later  display  the 
Its  of  our  work  forced  us  into 
tune-consuming  manual  drafting  and 
cartography,  hand  planimetry,  grid- 
cell  sampling,  and  visual  interpreta- 
tion of  the  data. 

A  GIS  is  a  computer  system  de- 
signed to  store,  process,  and  analyze 
spatial  data.  In  some  respects,  geo- 
graphic information  systems  are  sim- 
ilar to  other  automated  information 
systems  in  that  they  involve  the  fol- 
lowing: 

•  Data  acquisition:  the  collection  and 

gathering  of  data; 

•  Data  compilation:  for  plotting  data 
onto  a  coordinate  correct  base, 
i.e.,  map  or  orthophotoquad; 

•  Data  capture:  the  transformation  of 

data  into  machine  readable  form, 
and  their  storage  and  organiza- 
tion within  the  computer; 

•  Editing,  updating,  and  reclassifying 

of  the  data  files; 

•  Manipulation,  analysis,  synthesis, 
and  retrieval  of  data  for  user 
defined  areas; 

Generation  of  a  variety  of  outputs 
and  reports. 

But  the  ways  in  which  these  func- 
tions are  performed  are  for  the  most 
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part  very  different  from  other  infor- 
mation systems — a  result  of  the  most 
significant  characteristic  of  the  GIS. 
Data  in  a  GIS  is  of  spatial  or  geo- 
graphic nature,  and  must  be  geo- 
referenced.  that  is.  it  must  be  tied  to 
locations  on  the  surface  of  the  earth. 
Data  for  geographic  information 
systems  can  be  gathered  from  a  va- 
riety of  sources:  maps,  aerial  photo- 
graphs, field  surveys,  private  and 
public  databases,  assessor's  records, 
image  processing  and  census  tapes. 
Data  in  a  GIS  can  be  divided  into  two 
basic  classes:  geographic  and  descrip- 
tive. Geographic  data  is  related  to 
the  spatial  nature  of  the  item,  things 
that  can  best  be  shown  on  a  map.  It 
shows  the  geographic  location,  size, 
and  shape  of  a  unit  of  data.such  as 
the  shape  of  a  rock  outcrop  or  oil  well 
locations.  Descriptive  data  refer  to 
the  characteristics  or  attributes  of 
the  unit,  such  as  well  ownership,  trace 
element  concentrations,  and  forma- 
tion names.  One  physical  unit  of  data 
may  have  one  or  several  attributes  to 
describe  it.  The  geographic  location 
of  a  unit  of  data  can  be  represented 
horizontally  with  an  (x.y)  coordinate 
or  some  other  geo-referencing  sys- 
tem. In  addition,  a  third  coordinate 
(Z)  can  represent  a  third  dimension 
such  as  elevation  to  provide  a  vertical 
reference  such  as  depth  to  a  produc- 
ing horizon,  or  thickness  of  a  coal 
bed. 

The  geographic  data  structure  is  a 
dominant  aspect  of  a  system  and  pro- 
vides the  basis  for  classifying  a  GIS. 
The  data  structure  refers  to  the  or- 
ganization of  the  data  stored  in  the 
computer.  Structure  influences  the 
way  data  are  collected,  their  resolu- 
tion and  validity,  data  volume,  and 
the  types  of  analyses,  the  types  of 
products  that  can  be  produced.  The 
two  most  common  geographic  data 
structures  are  vector  (line  oriented) 
and  raster  (grid  oriented).  All  geo- 
graphic data  can  be  broken  down  into 
either  points,  lines,  or  polygons. 

Points  are  used  to  identify  loca- 
tions of  features  that  have  no  signif- 
icant area!  extent  (mine  shafts,  oil 
wells,  section  corners,  etc).  The  data 
structure  is  usually  a  list  of  (x,y) 
coordinates  with  whatever  descrip- 
tive data  (attributes)  are  associated 
with  the  points. 

Lines  are  used  for  linear  data  like 
pipelines,  fault  lines,  roads,  and  road 
networks,  assuming  that  these  vari- 
ables have  no  significant  area!  ex- 
tent. In  vector  systems,  lines  are 
described  by  strings  of  (x,y)  coordi- 


na.  ?s  with  the  beginning  and  ending 
points  of  the  line  segments  called 
nodes.  Descriptive  labels,  such  as  San 
Andreas  Fault,  are  assigned  to  the 
line  segments  between  nodes. 

Polygons  are  used  for  data  that  has 
an  areal  extent  i.e..  oil  basins,  rock 
outcrops,  tracts  of  land,  census  dis- 
tricts, and  counties.  These  all  show 
areas.  In  a  vector  system,  they  are 
described  as  a  list  of  (x,y)  coordinates, 
with  the  first  and  last  coordinate  pair 
being  the  same. 

Geographic  data  can  be  classified 
by  their  persistence.  Certain  types  of 
data,  such  as  geologic  features,  nat- 
ural vegetation,  and  soil  classifica- 
tions are  fairly  stable  and,  once 
entered  accurately,  can  remain  un- 
changed for  long  periods  of  time.  Dy- 
namic data  includes  such  things  as 
mine  boundaries,  urban  land  use,  and 
weather  samples.  The  frequency  of 
updating  and/or  revision  has  to  be 
considered  before  deciding  to  use  a 
GIS.  If  your  data  changes  often,  you 
may  spend  more  time  updating  the 
GIS  then  using  it.  Data  editing  can 
be  conducted  on  the  data  entry  sys- 
tem or  the  analysis  system. 

Analysis  of  data  is  the  primary 
function  of  a  computerized  GIS.  Typ- 
ical analyses  might  include  calcula- 
tion of  area,  overlaying  and 
compositing,  or  calculation  of  prox- 
imity. These  types  of  analyses  distin- 
guish a  GIS  from  a  computer  mapping 
system.  With  any  analysis,  the  geo- 
graphic data  are  manipulated  in  con- 
cert with  descriptive  data.  With  a 
grid  structure,  the  attributes  are 
stored  within  the  matrix  and  the  geo- 
graphic location  is  inherent  in  the 
structure  of  the  matrix.  Due  to  this 
most  manipulations  are  performed 
more  efficiently  with  the  grid  struc- 
ture, since  polygon  structures  explic- 
itly store  both  attribute  and  location. 
Some  systems  convert  from  vector  to 
raster  for  processing,  then  back  again 
for  display.  Vector  systems  persist  be- 
cause their  products  are  more  pleas- 
ing to  look  at. 

In  terms  of  minimum  data  func- 
tions, no  standard  definition  of  a  GIS 
exists.  A  GIS  can  be  differentiated 
from  a  computer  mapping  system  by 
its  analytical  capabilities.  If  the  ma- 
nipulative techniques  of  search,  mea- 
surement, and  comparison  are  not 
needed,  a  GIS  is  not  needed.  These 
manipulation  techniques  are  more 
powerful  when  the  results  can  be 
retrieved  and  displayed  with  a  GIS 
for  human  evaluation.  Most  queries 
on  a  geographic  data  base  will  in- 
volve combinations  of  these  three 
components  and  can  range  from  very 
simple  to  very  complex. 
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Searching  is  the  capability  to  read 
the  entire  file  of  geographic  data  and 
retrieve  any  required  data  by  loca- 
tion, attribute  or  specific  attribute 
value.  The  following  are  examples  of 
search  queries: 
Locate  all  outcrops  -  simple  search 
jan  attribute  <rock). 
fixate  all  dikes  -  simple  search  on 
a  specific  attribute  value  ligneous 
intrusives). 

Locate  outcrop  with  largest  area  - 
same  as  previous  query  except  the 
location  data  are  specified  by  area,  a 
measurement  technique. 

Locate  any  outcrop  within  1  mile  of 
a  specific  fault  line  -  this  time  the 
search  criterion  is  based  on  the  at- 
tribute and  location  from  another  data 
set  (fault  lines).  The  specification  of 
a  search  radius  (measurement  of  dis- 
tance) is  called  proximity. 

Locate  all  outcrops  with  high  min- 
ing potential  -  search  based  on  cri- 
teria from  multiple  data  sets.  For 
instance,  mining  potential  might 
consider  the  nearness  of  faults  and/ 
or  intrusives.  the  presence  of  specific 
accessory  minerals,  assay  values,  rock 
type.  etc. 

Though  these  do  not  include  all  the 
possible  types  of  queries,  they  show 
how  queries  are  built  using  the  search. 
measurement,  and  comparison  tech- 
niques. Measurement  is  one  of  the 
•  frequently  performed  manipu- 
is.  Location  measurement  func- 
include  counting  of  points,  lines, 
nodes  or  arcs,  and  calculating  of  area, 
perimeter;  distance,  and  direction. 

Comparison  is  probably  the  most 
powerful  capability  of  a  GIS.  It  is 
defined  as  the  use  of  descriptive  or 
location  data  to  determine  relation- 
ships based  on  criteria  from  one  or 
both  types  of  data.  The  two  basic 
comparative  techniques  are  overlay- 
ing/compositing and  inferential  sta- 
tistics, Le.,  regression  and  correlation. 
These  two  techniques,  combined  with 
techniques  from  the  search  «tiH  mea- 
surement capabilities,  lead  to  the  cre- 
ation  of  new  data  sets  and 
sophisticated  model  building,  such  as 
the  above  example  where  "high  min- 
ing potentiaT  was  determined. 

Although  the  definitions  of  over- 
laying and  compositing  are  slightly 
different,  their  concept  is  essentially 
the  same.  Conceptually,  compositing 
is  the  ability  to  overlay  different  lay- 
ers of  data  on  top  of  one  another. 
Compositing  is  analogous  to  peering 
dnaai  through  numerous  map  over- 
examine  areas  of  coincidence, 
^mputer  allows  any  combina- 
tion of  data  sets  to  be  composited 
without  the  inherent  visual  restric- 
tions of  the  human  eye. 
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Most  systems  also  have  a  statisti- 
cal analysis  subsystem  that  performs 
a  variety  of  statistical  operations.  Of 
these,  spatial  correlation  or  the  de- 
gree to  which  one  data  set  corre- 
sponds to  another  is  used  most  often. 
For  example,  the  correlation  between 
changes  in  land  use  and  changes  in 
water  quality  in  a  given  area  might 
be  determined. 

Some  of  the  more  common  manip- 
ulations involve  combinations  of 
search,  measurement  and  compari- 
son. Some  examples  are  listed  below: 

•  Intervisibility:  From  a  given  point, 
determine  the  extent  of  the  vis- 
ual landscape.  Used  in  viewshed 
analysis. 

•  Interpolation:   From  a  sample  of 
points,  determine  points  or  lines 
of  equal  value.  Used  for  contour- 
ing maps. 

•  Corridor  delineation:  From  a  num- 

ber of  criteria,  find  a  corridor  for 
a  power  line,  road,  or  other  lin- 
ear feature. 

•  Slope:  Determine  degree  of  slope 
associated  with  different  land 
units. 

•  Aspect:  Determine  directional  ori- 
entation of  the  slope  for  a  land 
unit. 

•  Agregatiorvdisagregation:  Agrega- 
tion  involves  the  reclassification 
of  data  into  broader  categories. 
For  example,  soil  types  might  be 
combined  into  soil  association 
categories.  Soil  types  may  also 
be  grouped  according  to  their 
drainage  characteristics.  Disa- 
gregation  involves  the  reclassifi- 
cation of  categories  into  finer 
detail.  For  example,  rock  type 
classified  as  "igneous"  might  be 
redefined  as  granite  or  rhyolite. 
Disaggregation  is  possible  only 

if  the  more  detailed  classes  were 
entered  when  the  data  were  cre- 
ated. 
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•  Projection  and  scale  change:  During 

the  entry  stage,  map  projection 
and  scale  may  have  to  be  trans- 
formed to  match  that  of  the  data 
base.  During  the  retrieval  stage, 
the  map  may  be  drawn  at  a  spec- 
ified projection  or  scale. 

•  Centroid  allocation:  Calculation  o( 
a  single  point,  usually  at  the 
center  of  the  polygon,  to  repre- 
sent the  polygon  in  various  ma- 
nipulations. Problems  occur  when 
the  polygon  is  concave  such  as 
arc-shaped  outcrop,  because  the 
computer  may  position  the  cen- 
troid outside  the  polygon. 

•  Line  smoothing  and  simplification: 
Points  are  added  to  lines  in 
smoothing  to  give  the  appear- 
ance of  smooth,  manually  drawn 
lines  for  output.  Points  are  de- 
leted from  lines  in  simplification. 
This  is  important  for  eliminating 
clutter  and  merging  lines  when 
the  scale  of  the  plot  is  much 
smaller  than  the  scale  of  the  dig- 
itized    source.    Occasionally 
smoothing  will  move  lines  so  they 
no  longer  honor  some  original 
data  points. 

•  Windowing  The  ability  to  extract 
data  from  boundary  coordinates, 
which  is  often  used  on  display 
terminals  to  modify  or  zoom  in 
on  a  particular  portion  of  a  data 
base. 

Something  rarely  mentioned  when 
introducing  GIS  is  cost  Cost  can  range 
from  free  (public  domain)  to  in  excess 
of  $100,000.  Public  domain  GIS  soft- 
ware can  range  from  the  very  primi- 
tive to  the  very  sophisticated. 
Sophisticated  systems  include  Gar- 
net, supported  by  the  USGS  National 
Coal  Resources  Program,  and  MOSS, 
supported  by  the  BLM  and  several 
other  Federal  agencies.  As  with  most 
public  domain  software,  public  do- 
main GIS  software  is  not  on  the  lead- 
ing edge  of  technology,  often  trailing 
from  1  to  3  years  behind  the  newest 
commercial  GIS  packages. 

In  conclusion,  GIS  is  not  for  every- 
one or  even  every  company  that  uses 
maps.  There  is  a  start  up  cost  in- 
volved when  first  transfering  data 
from  paper  to  computer  readable  ma- 
terial (tape,  disks,  etc).  There  is  the 
recurring  discovery  that  another  piece 
of  hardware  will  make  the  GIS  better, 
taster,  more  accurate.  There  will  be 
the  time  spent  constantly  updating 
digital  map  files.  There  will  be  the 
times  the  computer  is  down  and  you 
must  have  the  information  immedi- 
ately. Yet  in  spite  of  all  this,  many 
geologists  have  found  it  worth  the 
trouble  to  put  their  spatial  data  into 
a  GIS.  Maybe  it  will  be  worth  it  to 
you. 
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1.  INTRODUCTION 


The  Geographic  Information  System  (GIS)  is  a  set  of  software  for  encoding, 
transformating,  analyzing,  and  displaying  map  and  other  geo-based  information. 
Originally  developed  by  the  Western  Energy  and  Land  Use  Team  (WELUT)  of  the 
U.S.  Fish  and  Wildlife  Service  (USFWS),  the  GIS  has  since  been  adopted  by 
several  other  federal  and  state  agencies.  This  system  is  composed  of  three 
components:  Analytical  Mapping  System  (AMS)  for  digital  data-entry;  Map  Overlay 
and  Statistical  System  (MOSS  including  MAPS)  for  data  processing,  analysis,  and 
display;  and  Cartographic  Output  System  (COS)  for  enhanced  cartographic 
plotting. 

MOSS  has  been  designed  to  allow  users  to  retrieve,  analyze,  and  display 
maps  and  other  spatial  data  stored  1n  the  system.  Map  data  may  be  stored  in 
two  formats:  vector;  and  cell  or  raster  (Fig.  1).  Vector  data  consist  of  series 
of  (x,y)  coordinates  forming  points,  lines  or  polygons.   Each  feature  in  a 
vector  map  may  be  assigned  an  identifying  attribute  based  on  Its  character- 
istics. Cell  data  consist  of  a  regular  grid  pattern  in  which  each  cell  1n  the 
grid  Js  assigned  an  identifying  value  based  on  its  characteristics.  Cell  data 
may  be  created  from  vector  data,  a  process  called 'rasteri zing.  Because  Infor- 
mation from  vector  maps  is  generalized  into  cells  by  this  conversion,  vector 
maps  may  not  be  created  from  cell  maps.  Accuracy,  resolution,  storage,  and 
processing  of  cell  maps  1s  directly  related  to  grid-cell  size.  Some  data,  e.g., 
Landsat  satellite  imagery,  originate  in  raster  format. 

In  MOSS,  cell  maps  are  most  specifically  handled  by  software  referred  to 
as  the  MAPS  sub-system.  Map  format,  command  syntax,  and  data  retrieval  charac- 
teristics are  different,  therefore,  vector  processing  capabilities  will  be  re- 
ferred to  as  MOSS  whereas  raster  capabilities  will  be  referred  to  as  MAPS.  Al- 
though MOSS  and  MAPS  may  be  accessed  together,  they  may  also  act  as  stand-alone 
systems.  Limited  raster  processing  capabilities  exist  within  MOSS  (Appendix  C). 
Note  that  vector  maps  and  data  used  1n  MOSS  may  be  used  in  MAPS,  but  cell  data 
used  or  created  in  MAPS  may  not  be  used  in  MOSS.  Choice  of  data  format  will 
largely  depend  on  the  final  intended  use  of  data.   In  general,  vector  maps  are 
preferred  for  high  precision  cartographic  analysis  and  aesthetically  pleasing 
cartographic  output  whereas  cell  maps  are  preferred  for  complex  cartographic 
modeling  procedures. 
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Figure  1.  Data  characterization  in  vector  and  cell  format. 


2.  ORGANIZATION  OF  OATA 


PROJECTS 

All  Information  stored  for  processing  by  the  system  1s  organized  on  the 
basis  of  Individual  maps.  Collectively,  maps  are  organized  into  projects. 
Each  project  includes  several  maps  and  types  of  maps  stored  in  one  area  on  a 
disk  file.  A  maximum  of  32,000  maps  can  be  stored  in  each  project. 

A  project  may  include  maps  which  relate  to  any  number  of  geographic  re- 
gions or  study  areas  at  any  scale.  However,  projects  usually  include  a  number 
of  maps  registered  at  a  common  scale  over  a  common  area.  Typically,  each  of 
these  maps  is  then  used  to  indicate  spatial  variation  of  a  single  geographic 
theme  such  as  soil  type,  vegetation  type,  topographic  slope  or  elevation,  or 
land  use. 


There  are  two  types  of  projects,  master  and  work.  Master  projects  contain 
all  original  source  maps  for  a  study  area  that  have  been  Imported  into  the  sys- 
tem. These  maps  cannot  be  amended,  deleted,  or  renamed,  but  can  only  be  acces- 
sed and  read.  Work  projects  contain  all  derived  maps;  i.e.  maps  that  are  made 
by  the  user  through  use  of  system  commmands.  Work  projects  eliminate  much  of 
the  time  and  expense  required  to  regenerate  data  sets  that  will  be  used  repet- 
itively. Unlike  master  project  maps,  work  project  maps  may  be  amended,  deleted, 
and  renamed. 

FILES 

Master  and  work  projects  are  stored  as  disk  files  in  the  operating  system. 
When  accessing  the  MOSS  and  MAPS  software  (Appendix  A),  the  user  must  supply 
names  of  the  disk  files  containing  the  desired  projects.  Master  files  are 
usually  named  after  the  study  area  they  encompass.  For  example,  WOLF,  for  USGS 
7.5  min  quadrangle  Wolf  Ridge,  Colorado.  However,  for  any  given  user  there  is 
only  one  work  file,  and  this  is  called  POLYGON.  At  any  one  time  in  a  session 
a  user  may  access  one  master  file  and  his/her  work  file.  Note  that  MOSS  also 
contains  a  work  file  called  CELL.  This  workfile  specifically  stores  raster 
maps  created  within  MOSS. 


MAPS 

Each  map  1n  a  project  Includes  several  associated  pieces  of  information; 
a  name,  a  status  Indicator,  a  header,  a  type,  subjects,  and  items.  Each  of 
these  1s  described  1n  the  following  paragraphs: 

Names 

A  map  name  1s  a  user-defined  sequence  of  alphabetic,  numeric,  or  symbolic 
characters  unbroken  by  blank  spaces.  However,  a  map  name  must  begin  with  at 
least  one  alphabetic  character.  Map  names  in  MOSS  may  not  exceed  ten  characters 
but  may  be  up  to  sixteen  characters  1n  MAPS.  Each  map  name  1s  used  to  Identify 
particular  files  and  thereby  serves  to  locate  all  Information  associated  with 
the  named  map.  Map  names  are  assigned  to  each  project  as  each  new  map  1s 
created  and  stored.  Names  cannot  be  assigned,  modified,  or  deleted  outside  of 
the  system.  Each  map  name  1n  a  project  must  be  unique  and  is  usually  an  acronym 
which  can  be  used  to  quickly  identify  it.  For  example,  MDRWOLFRG,  for  mule  deer 
ranges  on  Wolf  Ridge,  Colorado. 

Status  Indicators 

A  map  status  indicator  is  a  letter  which  defines  a  map's  status  within  MOSS 
or  MAPS.  Maps  may  be  either  protected  (P),  exposed  (E),  or  archived  (A).  A 
protected  map  1s  one  that  can  be  accessed  for  processing  only  If  that  processing 
will  leave  the  contents  of  the  map  unchanged.  Master  project  maps  are  essent- 
ially "protected"  although  they  have  a  status  of  E.  Exposed  maps  may  be  updated, 
revised,  overwritten,  or  erased  at  will.  Work  project  maps  are  usually  exposed 
although  they  may  be  protected  or  archived  by  the  user  at  any  time.  An  archived 
map  is  one  which  has  been  removed  from  disk  (i.e.  access  by  the  system)  and 
placed  on  an  archival  storage  medium  (e.g.,  a  tape).  When  a  new  map  Is  created 
its  status  is  automatically  set  to  E. 

Headers 

Information  on  the  source,  vintage,  map  projection,  description,  and 
characteristics  of  a  map  are  kept  in  a  map  header.  This  information  may  be 
modified  by  the  user  and  is  useful  when  browsing  the  database  to  determine  the 
suitability  of  a  map  for  a  particular  analysis. 

Types 

Each  map  in  a  project  has  a  number  associated  with  it  to  indicate  what  type 
of  map  it  is.  Map  types  fall  into  four  general  groups;  vector  maps,  cell  maps, 
three-dimensional  maps,  and  input/output  files.  Note  that  cell  maps  used  for 
raster  processing  within  MOSS  are  assigned  differently. 

Vector  maps  and  their  type  numbers  are: 

1  -  point 

2  -  Une 

3  -  polygon 


- 


°oint  maps  consist  of  single  (x,y)  coordinate  pairs,  for  example,  raptor  nest 
sites.  Line  maps  consist  of  series'  of  coordinates,  for  example,  rivers. 
Polygon  maps  consist  of  closed  series'  of  coordinates,  for  example,  mule  deer 
ranges. 

Cell  maps  and  their  type  numbers  are: 

6  -  dichotomous 

7  -  discrete 

8  -  continuous 

A  dichotomous  map  1s  a  map  having  cells  depicting  presence/absence,  yes/no, 
+/-,  etc...  A  discrete  cell  map  is  a  map  having  a  finite  number  of  subjects 
which  may  be  assigned  to  cells.  A  continuous  cell  map  1s  a  map  having  an  In- 
finite number  of  possible  subjects,  for  example,  an  elevation  map  with  eleva- 
tions of  6402,  6402.1,  6402.11,...  Note  that  various  reclassification  commands 
may  be  used  to  convert  cell  maps  from  one  data  type  to  another  (see  Chapter  3). 

Three-dimensional  maps  and  their  type  numbers  are: 

5  -  elevation 

11  -  3D  point 

12  -  3D  line 

13  -  3D  polygon 

Elevation  maps  consist  of  a  sparse  matrix  of  (x,y,z)  coordinates  used  for  grid 
interpolation,  for  example,  rainfall  gauging  stations.  Three-dimension  (3D) 
maps  are  similar  to  their  vector  counterparts  except  that  they  have  a  third  (z) 
coordinate. 

Input/output  files  and  their  type  numbers  are: 

10  -  text 

16  -  write 

17  -  read 

18  -  display 

Input/output  "maps"  consist  of  utilitarian  work  area  files.  Text  files  are 
true  maps  of  prepared  graphic  text,  for  example,  a  word  slide.  Write  files  are 
files  to  which  alphanumeric/text  output  may  be  written.  Read  files  are  files 
from  which  alphanumeric/text  input  may  be  read.  Display  files  are  files  to 
which  graphics  output  may  be  sent. 

Subjects 

Based  on  its  characteristics,  each  feature  or  cell  in  a  map  is  assigned  an 
identifying  attribute  called  a  subject.  For  example,  a  map  of  vegetation  types 
might  consist  of  three  subjects;  forest,  shrubs,  and  meadows.  Subjects  are  the 
measured  attributes  which  a  map  associates  with  specific  geographic  locations, 
i.e.,  the  items  in  a  conventional  map  legend. 


For  vector  maps,  subjects  are  30  character  (or  less)  alphabetic  or  numeric 
strings.  Subjects  are  assigned  to  features  when  the  map  is  cigltized.   Usually, 
subject  names  are  chosen  which  describe  the  feature  in  a  se*f  explanatory  manner 
(e.g.,  WINTER  RANGE  for  polygons  of  mule  deer  winter  range)  although  they  may  be 
from  a  classification  scheme  (e.g.,  411AS  for  closed-canopy  deciduous  aspen  ' 
forest). 

For  cell  maps,  each  cell  1n  the  map  Is  assigned  a  subject,  also  called  a 
value.  Values  are  assigned  when  the  map  1s  Initially  encoded  or  rasterlzed, 
and  are  stored  as  real  numbers  between  -10,000,000  and  10,000,000.  It  1s  only 
this  numerical  value  which  1s  actually  processed  by  most  of  the  system's  opera- 
tions. As  numbers,  they  may  represent  actual  values  or  serve  simply  as  non- 
quantitative  identifiers  or  codes.  For  example,  a  value  of  10. 0  might  be  used 
to  represent  areas  at  ten  feet  above  sea  level  or  it  might  simply  represent 
the  tenth  vegetation  type  recorded  (e.g.,  pinyon  forest).  When  used  as  identi- 
fiers for  discrete  maps,  it  is  suggested  that  values  be  assigned  as  a  consequ- 
tive  sequence  of  positive  integers  beginning  with  1,  and  that  0  be  reserved  to 
represent  a  null  subject  (e.g.,  dry  land  on  a  map  of  water  bodies).  Discrete 
map  cells  which  do  not  have  a  subject  are  treated  mathematically  as  zero  but 
are  assigned  a  value  of  "background".  Note  that  a  discrete  map  cannot  contain 
more  than  32,000  unique  subjects  or  values.  A  map  of  only  one  subject,  and 
therefore  only  one  value,  is  referred  to  as  a  constant  cell  map.  A  dlchotomous 
map  has  two  subjects,  presence  and  absence,  which  are  always  assigned  values  of 
1  and  0,  respectively.  Discrete  cell  values  may  be  assigned  an  identifying 
label.  This  label  is  generated  by  several  processing  operations  and  is  typic- 
ally a  descriptor  of  the  cell  value's  subject.   Labels  may  be  up  to  64 
characters  long  and  need  not  be  unique.  Cell  values  do  not  have  to  be  labeled, 
and  labels  may  be  assigned  or  redefined  at  any  time. 

Some  data  structures  (e.g.,  forest  inventories)  have  multiple  descriptors 
for  each  feature.  The  Multiple  Attributes  Database  allows  the  user  to  assign 
several  discrete  attributes  or  subjects  for  any  point,  line,  or  polygon.  For 
example,  a  stand  of  pinyon  pine  forest  represented  on  a  polygon  map  of  forest 
types  might  have  several  important  measurements  or  characteristics  associated 
with  it;  percent  canopy  cover,  downed  fuel  load,  understory  diversity,  snags 
per  acre,  age  of  stand,  seed  production,  etc...  Accessory  information  such  as 
these  are  called  multiple  attributes.  Cell  maps  may  also  have  multiple  at- 
tributes or  values.  Currently,  multi-value  cell  maps  are  only  handled  by  the 
raster  processing  capabilities  of  MOSS. 

Items 

A  map  item  or  feature  is  the  smallest  unit  comprising  the  map.  For  a  point 
map  this  is  a  single  (x,y)  coordinate;  for  a  line  map  this  is  a  discrete  line 
segment;  for  a  polygon  map  this  is  a  closed  array  of  line  segments;  and  for  a 
cell  map  this  is  an  individual  cell.  Each  item  in  a  vector  map  is  assigned  a 
unique  identifying  number.  Each  item  in  a  cell  map  is  represented  by  a  pair  of 
Integer  coordinates  which  uniquely  identify  a  row-column  position  on  the  cell 
grid.  Coordinates  are  defined  with  respect  to  an  origin  in  the  upper  left 
corner  of  each  map.  Cell  dimensions,  and  therefore  number  of  rows  and  columns, 


are  specified  when  a  map  1s  rasterlzed.  A  cell  map  cannot  contain  more  than 
32,000  rows  or  columns  nor  more  than  10,000,000  total  Hems.  Cell  maps  used  in 
MOSS  may  not  have  more  than  1,024  rows  or  columns.  Note  that  all  maps  to  be 
used  together  must  have  the  same  cell  size  and  the  same  number  of  rows  and 
columns. 

Cell  size  defines  geographic  distance  1n  units  of  cartographic  distance  of 
one  grid  space.  A  grid  space  Is  the  distance  between  the  centers  of  any  two 
horizontally  or  vertically  (as  opposed  to  diagonally)  adjacent  grid-cells. 
Cell  size  1s  expressed  1n  units  of  distance  (meters  or  feet)  or  1n  units  of 
area  (hectares  or  acres). 

DATA  MANIPULATION 

Once  the  database  1s  accessed,  MOSS  and  MAPS  provide  the  capability  to 
browse  the  database  and  to  retrieve  all  or  parts  of  it.  Browsing  the  database 
is  used  to  determine  the  suitability  of  a  map  for  a  particular  analysis.  The 
hierarchical  nature  of  data  organization  described  above  facilitates  Its 
retrieval  from  the  database.  Data  browsing  and  retrieval  are  discussed  in  more 
detail  in  the  following  paragraphs. 

Browsing 

The  primary  piece  of  information  by  which  a  map  is  identified  is  its  name. 
All  cartographic  processing  is  done  on  a  map-by-map  basis  and  the  map  name 
serves  to  identify  all  data  associated  with  that  map.  Once  a  map  has  been 
Identified  by  its  name,  auxiliary  information  concerning  the  map's  content 
may  be  accessed.  This  includes  map  status,  header  information,  map  type  num- 
ber, subject  list,  and  number  of  items.  The  hierarchy  associated  with  a  map 
is  a  function  of  inherent  complexity  of  the  map  and  specifications  provided  at 
the  time  data  were  digitized  or  rasterized. 

Retrieving 

The  hierarchical  nature  of  data  organization  allows  all,  or  a  specific 
portion,  of  a  map  to  be  retrieved  (Fig.  2).  Usually,  only  a  portion  of  data  1n 
a  map  file  is  needed  for  any  given  analysis.  At  the  map  level,  one  specific 
subject  or  item  may  be  retrieved  and  all  others  avoided.  This  increases  the 
effectiveness  of  data  analysis  by  allowing  the  user  to  avoid  unwanted  detail  or 
extraneous  data.  It  also  increases  the  efficacy  of  data  processing  because  less 
data  is  handled.  When  an  existing  map  is  specified  for  processing,  it  is  con- 
venient to  think  of  the  information  associated  with  the  map  as  being  copied  from 
the  map  file  on  disk  to  the  user's  access  or  work  area  (Fig.  3).  New  data  gen- 
erated as  a  result  of  processing  is  then  written  back  to,  and  stored  in,  the 
user's  work  project.  In  as  much  as  existing  information  is  "copied"  before 
reading  for  processing,  it  can  be  used  repeatedly  without  being  modified  or  des- 
troyed. MOSS,  maps  which  are  retrieved  are  called  "active"  maps  and  are  catal- 
ogued in  an  active  map  table.  Each  entry  in  the  table  1s  assigned  a  unique 
identifying  number  called  the  map  ID,  active  ID,  or  data  set  ID.  Some  commands 
which  create  new  maps  automatically  activate  the  maps.  However,  this  data  will 
not  be  automatically  stored  in  the  work  project  and  must  be  specifically  saved. 
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Figure  2.  Hierarchy  and  retrieval  of  a  polygon  map. 
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Figure  3.     Data  storage  and  retrieval 


Maps  with  a  multiple  attributes  database  are  accompanied  by  three  pieces 
of  information  used  as  the  basis  for  database  browsing  and  retrieval.  These 
are:  a  unique  numerical  I.D.  for  each  attribute,  a  ten  character  or  less  key- 
word for  each  attribute,  and  a  60  character  or  less  description  of  each  attri- 
bute. The  keyword  1s  typically  an  acronym  which  can  be  used  to  quickly  Iden- 
tify a  particular  attribute  when  Its  I.D.  number  Is  unknown.  For  example,  a 
bird  species  diversity  index  might  be  called  BIRDINDEX. 

USER  INPUT 

The  MOSS  and  MAPS  software  may  be  used  1n  interactive  or  batch  mode  with 
little  or  no  change  In  input  or  output  format.  In  either  case,  all  user-speci- 
fied Input  is  entered  in  the  form  of  commands.  A  command  Is  a  string  of  alpha- 
betic, numeric,  symbolic,  or  blank  characters  which  can  be  read  by  the  system 
from  a  terminal  or  a  disk  file.  Regardless  of  the  Input  medium,  all  commands 
are  made  up  of  one  or  more  80  character  input  lines. 

Each  of  the  available  operations  and  functions  of  the  system  is  invoked 
by  its  own  particular  command  and  associated  parameters  or  phrases.  All  oper- 
ations are  performed  in  the  order  they  are  specified.  After  the  system  is 
accessed,  the  user  will  be  given  a  prompt,  indicating  that  the  system  is  ready 
to  read  and  process  a  command  or  sequence  of  commands. 

For  MOSS,  the  command  prompt  is:   ENTER  COMMAND 

For  MAPS,  the  command  prompt  is:  ? 

SYSTEM  OUTPUT 

Several  forms  of  output  may  be  generated  in  response  to  commands.  Most 
importantly,  these  include  maps  and  tabular  listings  associated  with  display 
and  description  operations.  Also  included  are  auxiliary  messages  in  the  form 
of;  prompts  which  call  for  user-specified  input,  confirmations  which  indicate 
that  specified  operations  have  been  performed,  and  error  messages  which  tell 
why  specified  operations  have  not  been  performed.   In  MOSS,  successful  comple- 
tion of  a  command  operation  is  indicated  by  reappearance  of  the  command  prompt. 
In  MAPS,  confirmation  is  issued  in  the  form  of  a  statement  beginning  with  "OK" 
followed  by  a  brief  description  of  the  operation  performed.   If  an  error 
occurs,  an  error  message  is  issued  describing  the  error  and  giving  an  error 
number.  Errors  generally  cause  cancellation  of  the  command  but  rarely  cause 
termination  of  the  session.  User-oriented  output  may  be  directed  to  the  log- 
on console,  to  a  write  or  display  disk  file  in  the  user's  work  area,  or  to  a 
second  auxilary  terminal  (also  known  as  two  terminal  mode). 
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3.  PROCESSING  CAPABILITIES 


Data  processing  capabilities  of  the  software  are  organized  as  a  series  of 
Individual  operations  which  are  functionally  independent  but  which  may  be  ap- 
plied together.  By  controlling  the  order  in  which  these  operations  are  exe- 
cuted, and  by  using  the  database  to  store  results  of  each  operation  for  subse- 
quent processing,  a  variety  of  more  complex  analyses  can  be  constructed. 
Operations  which  make  up  the  system  are  identified  by  name  in  the  form  of  com- 
mands. These  names  are  sometimes  contrived  but  attempt  to  suggest  the  nature 
of  each  operation.  Note  that  some  command  names  are  duplicated  by  MOSS  and 
MAPS  and  that  they  may  perform  different  operations. 

Commands  can  be  classified  into  five  functional  groups.  These  are: 
program  control,  data  manipulation,  data  display,  data  description,  and  data 
analysis.  The  latter  may  be  further  subdivided  into  four  functional  classes: 
reclassify,  overlay,  distance,  and  neighborhood.  Although  other  classification 
schemes  are  possible,  this  scheme  serves  the  purpose  of  orienting  the  user  to 
the  underlying  logic  and  functions  of  individual  commands.  Table  1  lists  MOSS 
commands  grouped  by  function.  Table  2  lists  MAPS  commands  grouped  similarly. 
Each  of  these  groups  is  described  briefly  in  the  following  paragraphs: 

Program  Control:  These  commands  provide  an  interface  between  MOSS  and  MAPS  and 
the  computer  operating  system  and/or  provide  information  about  MOSS  or  MAPS  it- 
self. 

Data  Manipulation:  These  commands  provide  the  capability  to  add  to,  access, 
and  manipulate  the  map  database. 

Data  Display:  These  commands  provide  the  capability  to  produce  user-oriented 
output  in  the  form  of  data  set  displays.  Display  may  be  on  a  graphics  CRT,  an 
alphanumeric  CRT,  a  line  printer,  or  on  a  plotting  device  such  as  a  Calcomp. 

Data  Description:  These  commands  produce  user-oriented  output  in  the  form  of. 
data  set  parameter  reports  and  tables.  These  commands  can  calculate  area,  dis- 
tance, perimeter,  length,  frequency,  descriptive  statistics  such  as  mean  and 
range,  and  location  coordinates.  They  can  also  describe  feature  information 
and  produce  a  listing  of  active  data  sets. 
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Oata  Analysis:  These  commands  provide  for  descriptive  analysis  of  map  data 
sets  and  for  the  generation  of  new  map  data  sets  by  transformation  of  existing 
maps.  Each  of  these  commands  may  be  characterized  as  belonging  to  one  of  four 
classes  according  to  the  way  in  which  1t  addresses  the  thematic  and/or  spatial 
content  of  a  map.  These  classes  function  to: 

—  reclassify  maps, 

—  overlay  maps, 

—  measure  cartographic  distance,  and 

—  characterize  cartographic  neighborhoods. 

—  Reclassify:  Data  reclassification  commands  Involve  the  creation  of  new 
maps  by  reassigning  values  of  existing  maps.  These  commands  can  select  data 
sets  based  on  attribute  Information,  feature  size  or  length,  or  a  random 
selection  of  features.  A  typical  vector  example  of  this  class  of  operations  is 
Illustrated  in  Figure  4.  A  typical  cell  example  is  illustrated  in  Figure  5. 
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Table  1.  Functional  groups  of  MOSS  commands 


Program  Control:    BAUD,  BUTTON,  BYE,  CLI,  COMMANDS,  COST,  DEVICE,  HELP, 

MAPS,  NEWS,  OPEN,  PAGE,  STATUS,  TERMINAL,  UTILITY 

Data  Manipulation:  ADD,  ARCHIVE,  "CONTOUR,  DEARCHIVE,  DELETE,  DIGITIZE, 

DIVIDE,  EDITATT,  EXPORT,  FREE,  GENERATE,  LIST,  MERGE, 
MOVELABEL,  "MULTIVAL,  "POLYCELL,  "POLYMVG,  PROJECTION, 
SAVE,  "SNGVAL,  "SPSS,  TEXT,  TRANSLATE,  WEED 

Data  Display:      ASSIGN,  CALCOMP,  ERASE,  FLOOD,  "GCONTOUR,  LEGEND, 

LINE,  NUMBER,  PLOT,  "PROFILE,  RESET,  SHADE,  SHOW, 
SYMBOL,  TESTGRID,  *THREED,  WINDOW,  ZOOM 

Data  Description:   ACTIVE,  AREA,  AUDIT,  DESCRIBE,  DISTANCE,  FREQUENCY, 

LENGHT,  LOCATE,  PERIMETER,  QUERY,  REPORT,  STATISTICS 

Data  Analysis: 

CReclassify)       BSEARCH,  COMPUTE,  SAMPLE,  SELECT,  SIZE 

(Overlay)         "COMPOSITE,  GOVERLAY,  LPOVER,  "MODELG,  OVERLAY 

(Distance)        BUFFER,  CONTIGUITY,  EDGE,  PROXIMITY 
(Neighbor)        "ASPECT,  *GRID,  "SLOPE 

*  denotes  raster  capabilities  (see  Appendix  F) 
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Table  2.  Functional  groups  of  MAPS  commands 


Program  Control : 


Data  Manipulation 


Data  Display: 


BAUD,  BYE,  CLOSE,  COST,  DISPLAY,  EXPLAIN,  INFORM, 
NEWS,  OPEN,  PAGE,  READ,  WRITE 

ARCHIVE,  CONSTANT,  COPY,  DEARCHIVE,  DELETE,  EXPOSE, 
IMPORT,  LABEL,  LIST,  PROTECT,  RASTERIZE,  RENAME 

3D,  CONTOUR,  ERASE,  NOTE,  PLOT,  PRINT,  RESET,  SHADE, 
VIEW,  WINDOW,  ZOOM 


Data  Description:   AREA,  DESCRIBE,  QUERY 


Data  Analysis: 
(Reclassify) 


(Overlay) 

(Distance) 

(Neighbor) 


AGGREGATE,  CATEGORIZE,  CUT,  EXTRACT,  FUNCTION, 
ISOLATE,  MERGE,  RENUMBER,  SIZE,  SLICE 

ADD,  AVERAGE,  BOOLEAN,  COVER,  CROSS,  DIVIDE, 
EXPONENTIATE,  INTERSECT,  MATH,  MAXIMIZE,  MINIMIZE, 
MULTIPLY,  SCORE,  SUBTRACT 

PROXIMITY,  ZONE 

ASPECT,  SCAN,  SLOPE,  VISTA 
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Figure  4.  Example  of  reclassifying  vector  map  subjects 
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Figure  5.  Example  of  reclassifying  cell  map  values 
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—  Overlay:  Overlay  analysis  commands  involve  the  creation  of  new  maps 
computed  as  a  function  of  location  on  two  or  more  exi  sting  ."iaDs.  These  commands 
can  perform  mathematical  combinations  or  the  Boolean  operations  of  intersection, 
non-Intersection,  and  union.  A  typical  vector  example  of  this  class  of 
operations  1s  Illustrated  1n  Figure  6.  A  typical  cell  example  1s  Illustrated  1n 
Figure  7. 

—  Distance:  Distance  analysis  commands  relate  primarily  to  spatial 
characteristics  of  map  data.  These  commands  can  create  new  maps  based  on 
distance,  proximity,  and  contiguity.  A  typical  vector  example  of  this  class  of 
operation  1s  Illustrated  1n  Figure  8.  A  typical  cell  example  1$  Illustrated  1n 
Figure  9. 

—  Neighborhood:  Neighborhood  analysis  commands  Involve  the  creation  of 
new  maps  computed  as  a  function  of  surrounding  locations.  These  commands  can 
create  maps  of  topographic  slope  and  aspect,  and  compute  a  variety  of  "roving 
window"  statistics.  All  operations  of  this  class  are  performed  on  raster  data. 
A  typical  example  of  this  class  of  operations  1s  illustrated  in  Figure  10. 

A  TYPICAL  SESSION 

The  following  sequence  of  steps  provide  the  user  with  an  overview  of  the 
general  procedures  common  to  most  MOSS  and  MAPS  sessions.  Figure  11  Illus- 
trates this  general  approach  and  sequence.  For  more  detail  the  user  may  refer 
to  specific  descriptions  of  commands. 

Step  1:  Connect  to  MOSS  or  MAPS  and  the  data 

Once  the  user  logs  on  to  the  operating  system  MOSS  and/or  MAPS  may  be 
accessed  (Appendix  A).  When  a  new  session  is  begun,  the  user  must  open  a  master 
project  database.  In  MOSS,  the  previous  session  may  be  restarted. 

Step  2:  Browse  the  database 

The  next  step  is  to  determine  the  type  and  characteristics  of  the  maps 
stored  in  the  data  files.  Browsing  the  database  is  important  for  two  reasons, 
to  determine  the  suitability  of  maps  for  analysis  and  to  provide  a  precise 
description  of  maps. 

Step  3:  Retrieve  the  desired  data 

Before  the  user  can  display  or  analyze  any  data  set,  it  must  be  retrieved. 
This  is  analogous  to  creating  a  local  copy  of  the  map.  In  MOSS,  data  which  has 
been  retrieved  is  referred  to  as  active  data. 

Step  4:  Define  the  viewing  window 

Before  any  map  can  be  analyzed  or  displayed  the  user  must  set  the  display 
window.  This  indicates  the  area  of  interest  or  viewing  window  on  the  earth's 
surface. 
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Figure  6.  Example  of  overlaying  vector  maps 
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Figure  7.     Example  of  overlaying  cell  maps. 


19 


4 


4 


EDGE 


existing  map 


new  map 


ii 


i  FOREST 
GRASS 


Figure  8.   Example  of  measuring  cartographic  distance  on  vector  maps 


20 


< 


< 


ZONE  RIVER  INTO  1  TO  1000  FOR  WIDE  RIVER 


§ 


00000001000000000000 
00000001000000000000 
00000001111000000000 
00000000001000000000 
00000000001000000000 
00000000001000000000 
00000111111000000000 
00000100000000000000 

RIVER 

0  LAND 

1  RIVER 


00000021200000000000 
00000021222200000000 
00000021111200000000 
00000022221200000000 
00000000021200000000 
00002222221200000000 
00002111111200000000 
00002122222200000000 

WIDEJUVER 

0  LAND 

1  RIVER 

2  WITHIN  1000 


existing  map 


new  map 


Figure  9.  Example  of  measuring  cartographic  distance  on  cell  maps 
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Figure  10.  Example  of  characterizing  cartographic  neighborhoods  on  cell  maps 
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ANALYSIS  COMMANDS 

i 

t 

I 

SAVE 

* 

t 

BYE 

I.  Connect  to  MOSS/MAPS  and  the  data 


2.  Browse  the  database 


3.  Retrieve  the  desired  data 


4.  Define  the  viewing  window 


5.  Redefine  the  viewing  window, 
if  necessary 


6.  Analyse  the  data 


7.  Save  the  results, 
if  necessary 


8.  Terminate  the  session 


Figure  11.  Eight  steps  in  a  typical  session 
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Step  5:  Redefine  the  display  window,  1f  necessary 

Frequently,  only  a  certain  portion  of  a  study  area  is  relevant  to  the 
user's  analysis.  The  display  window  may  be  redefined  to  enclose  the  specific 
area  of  Interest.  There  are  several,  advantages  to  this;  the  display  1s  magni- 
fied for  greater  detail  and  resolution,  less  data  will  be  plotted  thus  reducing 
plot  time,  and  cost  of  execution  is  reduced  because  less  data  1s  processed. 
Note  that  1n  MAPS,  definition  of  the  viewing  window  has  no  effect  on  data  analy- 
sis I.e.,  the  entire  nap  is  processed. 

Step  6:  Display  and  analyze  the  data 

Haps  can  be  displayed  and  analyzed  using  a  variety  of  commands.  These 
commands  perform  various  specialized  functions  and  their  use  depends  on  the 
specific  analysis  being  addressed. 

Step  7:  Save  the  results,  if  necessary 

Data  and  maps  produced  as  a  result  of  command  processing  are  normally  saved 
for  future  use.  This  reduces  time  and  cost  of  having  to  recreate  maps  at  the 
start  of  each  session,  and  allows  the  direct  application  of  the  previously  men- 
tioned steps.  However,  some  commands  in  MOSS  which  create  new  data  do  not  auto- 
matically save  them  and  a  separate  command  is  required. 

Step  8:  Terminate  the  session 

At  this  point  the  user  can  either  terminate  the  session  or  continue  using 
the  software  by  returning  to  any  of  the  previous  steps.  Termination  of  the 
session  returns  the  user  to  the  operating  system. 
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CIS  IN  THE  BLM 

I 

HARDWARE,  IMPLEMENTATION,  and  a  PARTIAL  LIST  OF  CURRENT  CIS  PROJECTS 
ALASKA  STATE  OFFICE 

HARDWARE:    MVIOOOO 

IMPLEMENTATION:   no  plan 

PROJECTS:  McGrath  Resource  Area  -  all  land  coverage  for  use  In 
environmental  assessment,  oil  and  gas  leasing, 
wildlife  and  subsistence  studies. 

Peninsula  Resource  Area  -  oil  and  gas  leasing,  and 
wildlife  and  subsistence  study  in  the  Kvichak  Study 
Area  . 

Fairbanks  District  Office  -  testing  for  the  Henry 
llotment,  reindeer  and  caribou  range  study,  and  snow 

modeling  . 


•) 
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Fire  Fuels  Mapping 

IZONA 

HARDWARE:    C330 

IMPLEMENTATION;   Draft,  awaiting  approval 

PROJECTS:  Arizona  Strip  District  Office  -  digitizing 
wilderness  boundaries,  working  on  landstatus,  soils, 
DEM's,  transportation,  range  improvement. 

CALIFORNIA 

HARDWARE:    M600 

IMPLEMENTATION:   Forming  user  committee 

PROJECTS:  Ukiah  planning  amendment  -  digitizing  6  quadrangles 
with  multiple  themes,  beginning  data  analysis. 

Inyo  R.A.   -  California   Desert  Project,   digitizing 
108  quadrangles,  multiple  themes. 

Sacramento  -  minerals  work  on  gravel  quarry  project, 
beginning  data  analysis. 

Ongoing  -   digitizing  BLM   boundaries  and   ownership 
for  fire  program. 


i 


( 


COLORADO 


I 


HARDWARE:    MV6000 

IMPLEMENTATION:   Preparing  strategy 

PROJECTS:    Green  River  Hams  Fork  Coal  EIS  -  a  re-delineation  of 

tracts  by  Regional  Coal  Team;  FY  1985  data  entry  for 

approximately  40  7.5  minute  quadrangles,  in 
conjunction  with  Wyoming. 

Uncompagre  RMP  -  data  entry  during  FY  1985  for 
approximately  60  7.5  minute  quadrangles;  data 
analysis  to  follow  in  FY  1986. 

C-A  Tract  3D  disposal  pile  modeling  in  FY  1985. 

IDAHO 

HARDWARE:    Dial-up  to  Colorado  State  Office  MV8000 

IMPLEMENTATION:   Plan  in  draft  form 

PROJECTS:    Eoise  District  Office  -  digitizing  soils  information 
in  conjunction  with  SCS. 

W  Birds  of  Prey  project  in  analysis  stage. 

FY  1986,  digitize  Owyhee  Resource  Area. 

Apply  GIS  to  possible  alternatives  in  Cascade  RMP. 

Proposed  applicationf   or  agricultural   trespass   on 
BLM  lands,  using  Landsat  and  MOSS. 

MONTANA 

HARDWARE:     DG  20 

IMPLEMENTATION:   Preparing  first  draft. 

PROJECTS:    Powder  River   Basin  Coal  Project  in  conjunction  with 

V.T  y  o  m  i  n  g  . 

NEVADA 

HARDWARE:    Dial-up  to  DSC 

IMPLEMENTATION:   Preparing  first  draft. 

PROJECTS:    Soil  Landscape  Analysis  Project  (SLAP). 


# 


Wildlife    habitat       study    project       for    bighorn       sheep, 
for    sufcseauent    es  tablishner.  t    of    statewide     criteria. 
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Planning  for  mining  and  drilling  leases. 

Conversion  of   fire  fuels   map  data   and   historical 
occurrences  to  MOSS  format. 


NEW  MEXICO 

HARDWARE:  M600 

IMPLEMENTATION:       Preparing    strategy 

PROJECTS:  Rio       Puerco       R.A.        -       wilderness       analysis       reports, 

including    maps       of    all       12    wilderness       areas,       using 

vegetation,     soil,     ownership,     and    area     information. 

Farmington  R.A.  -  digitizing  data  for  RMP,  including 
range  improvements,  range         allotments,  soils, 

vege  ta  tion . 

Landsat  study,  area  and  length  analyses,  conflict 
analysis  using  MAPS,  wilderness  analysis,  and  maps 
of    all    areas    and     themes. 


i 


Roswell  R.A.  -  automate  oil  and  gas  panel  maps  for 
354  quadrangles,  including  landlines,  surface  and 
mineral  rights,  unitization  agreements,  and  PI  data 
for    oil    and    gas    wells. 

White       Sands         R.A.        -  RMP,       including       landlines, 

ownership,  vegetation,  range,  habitat,  wilderness 
boundaries,        transportation,  cultural  resources, 

DEMs,  maps  of  all  areas,  and  analysis  including 
acreage,    frequency,     distance,    proximity,     and    length. 

Las  Cruces/Lordsburg  R.A.  -  digitizing  for  grazing 
a  c  tivi  ty    plans. 

Socorro  R.A.  -  data  preparation  for  RMP,  including 
wilderness    reports. 

State       Office          Scientific          Systems          -  statewide 

wilderness    EIS       with    minerals       conflicts;  digitizing 

300  master  title  plats  for  10  overlays  for  Native 
American    case     of     land     ownership. 

Minerals  Department  -  coal  and  oil  and  gas  isopach 
map . 


OREGON 
^  HARDWARE:  C330 

IMPLEMENTATION:       None    in    progress 


i 


i 


^       PROJECTS:    Burns   Project   -   range   project   in   S.E.   Oregon, 
r  including  soils,  vegetation,  range  types. 

State  of  Oregon  minerals  nap,  1:500000 

FY  1986   -  Roseburg  Orthophoto  DEM  project,  Lakeview 
soils  project  to  be  digitized. 

UTAH 

HARDWARE:  Dial-up    to    Colorado    State    Office    MV8000 

IMPLEMENTATION:       Completed     in  pi emen ta t i on    plan    FY    19S5. 

PROJECTS:  Book       Cliffs  R.A.        -       initial       database       building, 

digitizing,     socie       analysis       on       tar       sands       project, 
approx.    65    quadrangles. 

Ongoing:       digitizing    State       of    Utah    1:500000    various 
theme  s . 

Ongoing:       Utah       County,        digitized       as        one       nap       at 
1:  100000 
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FY  1986  -  San  Rafael  R.A.,  begin  digitizing  for  RMP 

WYOMING 

HARDWARE:    M600 

IMPLEMENTATION:   Preparing  strategy 

PROJECTS:  Pinedale  R.A.  -  activity  planning  for  forestry, 
range,  oil  and  gas  compliance,  RMP  support,  conflict 
analysis  mapping;  FY  1986,  oil  field  development 
field  plan. 

Powder  River   Basin  Coal  project  in  conjunction  with 
Mon  tana . 

Green   River    Coal   project    in   conjunction   with 
Co  1 orado . 

Washakie  R.A.  -  RMP  support,  includes  range  activity 
planning . 

Cody  R.A.   -  FY   1986,  activity  planning,  range,  oil 
and  gas,  wildlife,  and  RMP  support. 
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MOSS  ond   MAPS  System  Interfaces 


IDIMS 
Byte  or  Word 


IMPORT 


IMPORT 


MOSS  and  MAPS  Interfaces 


PROGRAM 

ADD  (in  MOSS) 

ADSMOSS 

ADSTODLG 

AMS2DLG 

DIMES 

DLG5  (UTILITY) 

DMA. DEM 

IMPORT 

INRIDS 
MAPSTOIDIMS 
MOSS2ELAS 
MOSS2MVG 

MVG2M0SS 

PITOMOSS 

TOIMOSS 

VBTAPE 


DESCRIPTION 

AMS  to  MOSS 

ADS  Rev.  6.37  to  "old"  MOSS 

ADS  to  DLG  ASCII  format 

AMS  to  DLG 

Bureau  of  Census  DIME  to  MOSS 

DLG  ASCII  format  to  MOSS 

Defence  Mapping  Agency  Digital 

Elevation  Model  to  MAPS 

' IDIMS  Byte  or  Word  to  MAPS,  USGS 
DEM  to  MAPS 

RIDS  to  MOSS 

MAPS  type  7  (discrete)  to  IDIMS 

"old"  MOSS  cell  file  to  ELAS 

MOSS  to  ESRI  MVG 

ESRI  MVG  to  MOSS 

Petroleum  Information  to  MOSS 

"old"  MOSS  to  "new"  MOSS 

Honeywell  vegetation  file  to  MOSS 
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EXERCISE  THREE  -  RECLASSIFY,  OVERLAY  AND  DISTANCE  IN  MOSS 

On  his  desk,  an  Area  Manager  has  a  proposed  road  improvement 
project  in  the  Boxelder  allotment  on  Wolf  Ridge  quadrangle.  You 
have  been  asked  to  identify  the  following  information  in  order  to 
assist  in  impact  assessment.  At  your  disposal  is  the  BLM  GIS, 
and  the  Wolf  Ridge  data. 

How  many  acres  of  potential  natural  vegetation  are  in  the 
Boxelder  allotment?  How  many  acres  of  early  serai,  mid-seral, 
and  late  serai  vegetation  communities  are  in  the  Boxelder 
allotment?  [HINT:  the  SWAWOLFRG  map  contains  the  SWA  (soil 
write-up  areas)  for  Boxelder  allotment.  Subject  search  strings 
are:  PO  =  potential  natural,  EO  =  early  serai,  MO  =  mid  serai, 
and  LO  =  late  serai.] 

Prepare  a  map  showing  labelled  fencelines  and  water  pipelines  in 
the  Boxelder  allotment.   How  many  miles  of  fencelines  are  there? 


The  proposed  road  improvement  will  impact  a  130  foot  (0.0246 
mile)  wide  swath  through  the  Boxelder  allotment.  Create  a  map 
construction  area,  i.e.  a  buffer  zone  of  .0246  mile 
road.  [The  road  is  labelled  LA/RBC20A  on  map 
How  many  acres  of  Boxelder  allotment  will  be 
the  construction?   Will  the  road  improvement  activity 


showing  the 
around  the 
TRNWOLFRG] . 
a  f fee  ted  by 


affect  any  areas  of  potential  natural  vegetation? 


Command  s 


Maps 


LIST 

SELECT 

WINDOW 

PLOT 

SHADE 

LEGEND 

OVERLAY 

AREA 

LPOVER 

LENGTH 

BUFFER 


ALBWOLFRG 
SWAWOLFRG 
TRNWOLFRG 
PLFWOLFRG 
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Course  7000.1 


GIS  -  WATERSHED  ANALYSIS  EXERCISE 


Watershed  Analysis  Procedures  are  used  to  evaluate  current  watershed 
conditions  in  relation  to  potential  or  desired  conditions,  to  assess  the 
susceptibility  of  watershed  conditions  to  impairment,  and  to  evaluate  the 
resiliancy  or  feasibility  of  altering  watershed  conditions  through  management 
activities.  Aspects  of  watershed  condition  analysis  are  described  in  BLM 
Draft  Manual  7210,  in  Idaho  Manual  7210,  and  in  papers  (attached)  by  Gebhardt 
(1985),  and  Van  Der  Puy  (1986).   While  there  are  no  prescribed  procedures  for 
conducting  watershed  analyses,  certain  aspects  of  watershed  analysis  relating 
to  upland  soil  loss  and  erosion  susceptibility  are  well  suited  for  GIS 
applications. 

The  objective  of  this  exercise  is  to  conduct  a  simplified,  hypothetical 
analysis  of  watershed  soil-loss  conditions  and  erosion  susceptibility  using  a 
GIS  in  combination  with  the  Universal  Soil  Loss  Equation  -  a  commonly  applied 
method  for  assessing  soil-loss  rates.   The  purpose  is  to  stimulate  your  own 
ideas  about  potential  applications  of  GIS  in  watershed  analysis. 


r 


Problem 


The  watershed  component  of  an  AMP  is  being  developed.  A  vegetation  conversion 
in  the  Sagebrush  type  is  being  contemplated.   John  Ho,  the  District  Soil 
Scientist,  has  been  asked  to  identify  priority  areas,  from  an  erosion 
perspective,  for  such  a  conversion  and  to  quantify  what  that  activity  might 
mean  in  terms  of  reduced  soil-loss.   Also,  a  pipeline  is  planned  to  pass 
through  the  allotment  from  north  to  south,  and  the  DM  wishes  to  identify  areas 
which  may  be  susceptible  to  severe  erosion  and  require  special  restoration 
efforts. 

John  is  familiar  with  the  allotment  and  knows  that  from  an  erosion 
susceptibility  standpoint,  soils  with  erodibility  (K)  values  greater  than  0.32 
on  slopes  greater  than  10%  -  and  especially  those  on  slopes  greater  than  20% 
are  highly  susceptible  to  erosion  when  vegetation  cover  is  reduced  or 
eliminated.   The  soil  91  in  SLSWOLFRG  soil  has  a  K  value  of  0.36.   On  the 
Boxelder  allotment,  the  91  soil  supports  a  good  cover  of  grass,  but  is  easily 
invaded  by  brush  when  heavily  grazed. 


I 


Tasks 


I.  John  first  wishes  to  identify  areas  where  erosion  susceptibility  is 
high,  and  areas  where  it  is  moderate.  He  defines  high  erosion  susceptibility 
as  areas  on  91  soils  with  slopes  greater  than  20%,  and  moderate  erosion 
susceptibility  as  areas  on  91  soils  with  slopes  between  10-20%. 

1.  Create  a  map  of  91  soils. 

2.  Create  a  high  erosion  susceptibility  map. 

3.  Create  a  moderate  erosion  susceptibility  map. 

II.  John  believes  that  converting  sagebrush  to  grass  on  high  erosion 
susceptibility  areas  will  benefit  watershed  condition.   He  wishes  to  identify 
areas  of  both  high  and  moderate  erosion  susceptibility  which  are  presently  in 
the  brush  cover  type. 

1.  Create  a  map  showing  where  sagebrush  occurs  on  high  erosion 
susceptibility  areas  (search  string  =  523SG). 

2.  Create  a  map  showing  where  sagebrush  occurs  on  moderate  erosion 
susceptibility  areas. 

3.  Find  out  how  many  acres  are  in  sagebrush  on  each  of  the  two  erosion 
susceptibility  classes. 

III.  John  now  wishes  to  quantify  existing  erosion  rates,  and  total  soil  loss 
amounts  for  each  of  the  sagebrush  areas  identified  in  II  above.  He  also  wants 
to  estimate  what  erosion  rates  and  total  erosion  amounts  would  be  under  a 
grass  cover  situation.   To  do  this  he  uses  the  USLE,  given  the  following 
information: 

A  =  RKLSCP 

where  R  -  rainfall  factor  (for  P2-6  =  2.0  in) 

K  =  0.36 

L  ■  60  ft.  (from  field  inspection) 

S  =  average  of  slope  class 

C  -  from  table  (attached)  (or,  assume  "brush  C"  is  0.12 
and  "grass  C"  is  0.04) 

A  =  soil  loss  rate,  tons/acre/year 

For  total  soil  loss,  he  multiplies  the  rate  for  each  map  class  by  the  total 
map  area . 


1.  Would  a  vegetation  conversion  on  the  high  or  moderate 
"susceptibility"  area  result  in  the  greatest  reduction  of  total  soil  loss? 
Where  would  the  vegetation  treatment  be  most  cost-effective  from  a  soil-loss 
standpoint? 

2.  Compute  salt  load  differences  for  a  vegetation  conversion  on  the  high 
erosion  susceptibility  area,  assuming  soils  average  1%  salts  by  weight. 

IV.   Discussion  Exercise: 

Two  alternative  pipeline  routes  are  given.   The  pipline  requires 
removing  all  cover  for  100  feet  on  either  side  of  the  pipeline.  How  many 
acres  of  high  erosion  susceptibility  areas  are  impacted  by  alternative  1? 
Alternative  2? 

V.   If  time  permits,  jot  down  some  ideas  as  to  how  you  might  use  a  GIS  in 
your  soil-water  program.   If  time  doesn't  permit,  maybe  you  could  discuss  it 
at  the  tavern  or  motel  hot  tub. 
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tended  to  completely  different  situations  by  com- 
bining subfactors  that  evaluate  three  separate  and 
distinct,  but  interrelated,  zones  of  influence:  (a) 
vegetative  cover  in  direct  contact  with  the  soil  sur- 
face, (b)  canopy  cover,  and  (c)  residual  and  tillage 
effects. 

Subfactors    for    various    percentages   of    surface 
cover  by  mulch  are  given   by  the   upper  curve  of 


TABLE  10. — Factor  C  for  permanent  pasture,  range,  and 
idle  land1 


Vegetative  canopy 


Cover  that  contacts  the  toil   surface 


Type  and 
height2 


Percent 
cover"     Typ.« 


Percent  ground  cover 


20       40 


60 


80       954- 


No    appreciable 
canopy 


G        0.45  0.20  0.10  0.042  0.013  0.003 
W  .45     .24     .15     .091      .043      Oil 


Tall  weeds  or  25          G 

short  brush  W 
with  average 

drop  fall  height  50         G 

of  20  in  W 


.36  .17  .09  .038  .013  .003 

.36  .20  .13  .083  .041  .011 

.26  .13  .07  .035  .012  .003 

.26  .16  .11  .076  .039  .011 


75         G  .17     .10     .06     .032      Oil      .003 

W  .17     .12     .09     .068     .038     .011 


Appreciable   brush      25  G 

or   bushes,   with  W 

average  drop  fall 

height  of  6Vi  ft     50         G 

W 


.40  .18  .09  .040  .013  .003 

.40  .22  .14  .087  .042  .011 

.34  .16  .08  .038  .012  .003 

.34  .19  .13  .082  .041  .011 


75         G  .28     .14     .08     .036     .012     .003 

W  .28     .17     .12     .078     .040     .011 


C  Values  for  Pasture,  Range,  and   Idle  Land 

Factor  C  for  a  specific  combination  of  cover 
conditions  on  these  types  of  land  may  be  obtained 
from  table  10  (57).  The  cover  characteristics  that 
must  be  appraised  before  consulting  this  table  are 
defined  in  the  table  and  its  footnotes.  Cropstage 
periods  and  El  monthly  distribution  data  are  gen- 
erally not  necessary  where  perennial  vegetation 
has  become  established  and  there  is  no  mechanical 
disturbance  of  the  soil. 

Available  soil  loss  data  from  undisturbed  land 
were  not  sufficient  to  derive  table  10  by  direct 
comparison  of  measured  soil  loss  rates,  as  was 
done  for  development  of  table  5.  However,  analy- 
ses of  the  assembled  erosion  data  showed  that  the 
research    information    on    values   of   C  can    be    ex- 


Trees,  but  no  25 

appreciable  low 
brush.  Average 
drop  fall  height     50 
of    13    ft 

75 


G  .42  .19  .10  .041  .013  .003 

W  .42  .23  .14  .089  .042  .011 

G  .39  .18  .09  .040  .013  .003 

W  .39  .21  .14  .087  .042  .011 

G  .36  .17  .09  .039  .012  .003 

W  .36  .20  .13  .084  .041  .011 


'  The  listed  C  values  assume  that  the  vegetation  and  mulch  are 
randomly    distributed    over   the    entire    area. 

"  Canopy  height  is  measured  as  the  average  fall  height  of  water 
drops  falling  from  the  canopy  to  the  ground.  Canopy  effect  is  in- 
versely proportional  to  drop  fall  height  and  is  negligible  if  fall 
height  exceeds  33  ft. 

3  Portion  of  total-area  surface  that  would  be  hidden  from  view  by 
canopy   in   a   vertical    projection    (a    bird's-eye    view). 

'  G:  cover    at    surface    is    grass,    grasslike    plants,    decaying    com- 
pacted duff,  or  litter  at  least  2    in   deep. 
W:  cover   at   surface    is    mostly    broadleaf    herbaceous    plants    (as 
weeds    with    little    lateral-root    network    near    the    surface)    or 
undecayed  residues  or  both. 
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TABLE   1 1 . — Factor  C  for  undisturbed  forest  land1 


Percent    of    areo 

Percent    of   area 

covered  by  canopy  of 

covered   by  duff 

Factor   C! 

treat  and   undergrowth 

at  least  2  in 

deep 

100-75 

100-90 

,0001 -.001 

70-45 

85-75 

.002.004 

40-20 

70-40 

.003-.009 

1  Where  effective  litter  cover  is  leu  then  40  percent  or  canopy 
cover  it  let*  than  20  percent,  use  table  6.  Alse  use  table  6  where 
woodlands  are  being  grazed,  harvested,  or  burned. 

1  The  ranges  in  listed  C  values  are  caused  by  the  ranges  in  the 
specified  forest  litter  and  canopy  covers  and  by  variations  in  effec- 
tive eanopy  heights. 


figure  6.  Subfactors  for  various  heights  and  den- 
sities of  canopy  cover  are  given  in  figure  5.  The 
subf actor  for  residual  effects  of  permanent  pasture, 
range,  idle  land,  or  grazed  or  harvested  woodland 
has  been  estimated  to  vary  from  0.45  to  0.10  (57). 
Major  influences  on  this  subfactor  are  plant  roots, 
organic  matter  buildup  in  the  topsoil,  reduced  soil 
compaction,  and  surface  stabilization  after  long 
periods  without  soil  disturbance.  The  C  values 
given  in  table  10  were  derived  by  combining  sub- 
factors  for  specified  combinations  of  type,  height, 
and  density  of  canopy  cover;  type  and  density  of 
cover  at  the  soil  surface;  and  probable  residual 
effects  of  longtime  existence  of  the  specified  cover 
on  the  land.  They  are  compatible  with  the  rather 
scarce  existing  soil  loss  data  from  undisturbed  land 
areas. 

C  Values  for  Woodland 

Three  categories  of  woodland  are  considered 
separately:  (1)  undisturbed  forest  land;  (2)  wood- 
land that  is  grazed,  burned,  or  selectively  har- 
vested; and  (3)  forest  lands  which  have  had  site 
preparation  treatments  for  re-establishment  after 
harvest. 

In  undisturbed  forests,  infiltration  rates  and  or- 
ganic matter  content  of  the  soil  are  high,  and  much 
or  all  of  the  surface  is  usually  covered  by  a  layer 
of  compacted  decaying  forest  duff  or  litter  several 
inches  thick.  Such  layers  of  duff  shield  the  soil  from 
the  erosive  forces  of  runoff  and  of  drop  impact 
and  are  extremely  effective  against  soil  erosion. 
Where  cover  by  trees  and  litter  is  incomplete,  the 
spots  with  little  or  no  litter  cover  are  partially  pro- 
tected by  undergrowth  canopy.  Factor  C  for  un- 
disturbed forest  land  may  be  obtained  from  table 


11.  These  estimated  C  values  are  supported  by  the 
quite  limited  existing  data  and  also  by  the  sub- 
factor-evaluation  procedure  discussed  in  the  pre- 
ceding subsection. 

Woodland  that  is  grazed  or  burned,  or  has  been 
recently  harvested,  does  not  merit  the  extremely 
low  C  values  of  table  11.  For  these  conditions,  C 
is  obtained  from  table  10.  However,  the  buildup 
of  organic  matter  in  the  topsoil  under  permanent 
woodland  conditions  is  an  added  factor  that 
should  be  accounted  for  by  a  reduction  in  the  C 
value  read  from  table  10.  An  earlier  publication 
(57)  recommended  a  factor  of  0.7  for  this  purpose. 

Site  preparation  treatments  for  re-establishing 
trees  on  harvested  forest  land  usually  alter  the 
erosion  factors  substantially.  Canopy  effect  is  ini- 
tially greatly  reduced  or  lost  entirely,  and  its  res- 
toration is  gradual.  Some  of  the  forest  litter  is 
incorporated  in  the  soil,  and  it  may  be  entirely 
removed  from  portions  of  the  area.  A  surface 
roughness  factor  is  introduced.  Windrowed  debris, 
if  across  slope,  may  function  as  terraces  by  reduc- 
ing effective  slope  length  and  inducing  deposition 
above  and  in  the  windrows.  The  amount  of  resid- 
ual effect  retained  depends  on  the  amount  and 
depth  of  surface  scalping.  Some  of  the  changes 
are  analogous  to  cropland  situations.  Some  of  the 
relationships  available  from- tables  5  and  10  can 
be  used  to  evaluate  C  for  these  conditions,  but 
neither  table  is  directly  applicable. 

Table  12  presents  C  values  computed  for  South- 
ern Pine  Forests  that  have  had  site  preparation 
treatments  after  harvesting.  This  table  was  jointly 
developed  (in  1977)  by  representatives  of  SEA,  SCS, 
and  Forest  Service,  using  factor  relationships  from 
tables  5,  10,  and  11  as  basic  guides.  Its  application 
on  forest  lands  in  other  climatic  regions  may  re- 
quire some  modif  cations  of  factor  values.  Research 
designed  to  refine  and  improve  tables  10,  11,  and 
12  is  underway. 

Tree  plantings  on  converted  cropland  should,  in 
the  initial  years,  be  evaluated  similarly  to  cropland 
because  the  forest  residual  effect  which  underlies 
tables  10  to  12  will  not  be  applicable.  The  sub- 
factor  for  residual  effects  may  be  estimated  by 
selecting  from  lines  1  to  16  of  table  5  the  line  that 
most  nearly  describes  the  condition  of  the  con- 
verted cropland  and  assuming  a  residual  subfac- 
tor equal  to  the  seedbed-period  value  given  in  that 
line.    If   the    cropland    has    most    recently    been    in 


• 


PREDICTING  RAINFALL  EROSION   LOSSES-A  GUIDE  TO  CONSERVATION   PLANNING  13 


TOPOGRAPHIC    FPCTOR    -    LS 


w   •-     ... _— *. •«*».'  Vs*tUtiflUW    ■       «.«•     -- .t^*.**-. 


PREDICTING  RAINFALL   EROSION   LOSSES-A  GUIDE  TO  CONSERVATION   PLANNING 


11 


S 


X  JO   NOIiVWIXOMddV 

o         o  o         o 

to  *>  »  in 


1SUM 


M'M0J.3Vd   Aini8IQO«3-1IOS 


O 

CM 


o 


o 


o       o        o       o       o 

^=  ITS  tf>  f-  CD 

QNVS  3NU  A«3  A  +  HIS  lN33M3d 


O 
<J> 


O 
O 


X 

o 

8 

• 

- 

M 

3 

l> 

e 

3 

_o 

- 

0 

3 

II 

.fi 

«'■ 

w- 

* 

C 

3 

c 

e 

<d 

^ 

u 

« 

c 

a. 

0 

a> 

o 

rv 

-o 
« 

c 

0 

a 

o 

II 

c 

■ 

e 

. 

-o 

V 

e 

c 

o 

• 

w 

a. 
1 

s 

1 

o 

o 

a 

^ 

e 
o 

•* 

+ 

-C 

a 

c 

0 

• 

CD 

0 

e 

E 

0. 

o 

c 

II 

>» 

2 

J3 

• 

-o 

V 

o 

• 

* 

500 


400 


a 
o 

D    300 

< 


O    200 


100 


type  n. 

TYPE    1 , 

El  ■ 

2700  P22   — ___^^                          / 

16  55  P22   "-^J^^/                            / 

j 

1                  1/                       X 

\/ 

s 

1         i 

£>T        !         1 

0.5 


1.5  2  2.5  3 

2-YR    6-HR    RAIN,   IN    INCHES 


3.5 


4.5 


Fi{.  6-13.  Relation  between  annual  average  erosion  index  (El  on  vertical  axis)  and  2-yr,  6-hr 
rainfall  depth,  rainfall  types  from  (Ateshian  1974)  p  =  precipitation. 


SeA>»*d    OJxwy    jl^ts* 


— i — i — I      i     i    ' 

C  RED  MILLS  PMYSKX5BAPMC    AREA- TEXAS  AND  OKLAHOMA 
•  MSSOlRi  BASW  LOESS  HiLLS  -  IOWA   AND  NEBRASKA 
a  BLACKLANDPOAlReS-  TEXAS 
G  SAND-  CLAT  M_LS-MSS.SSiPfl 

(I  PCDMONT  P-YSI03RAPL!;  ARtA-  NORTH    CAROLINA 
SOUTH  CAPOLNA    GEORGIA 


ORAMAGE  AREA  ISOUARE  MLEC! 

FIG.  4.13.— Relationship  between  Size  of  Drainage  Basin  and  Sediment  Delivery 
Ratio 


!0000 


1000 


100 


10  100 

Drainage  area,  in  square  miles 

FIG.  4.14.— Effect  of  Watershed  Size  on  Sediment  Yield 


001 


100 


Drainage  area    .n  squa'e  miles 


FIG.  4.15.— Effect  of  Watershed  Size  on  Sediment  Delivery  Ratio 


J.  u:    Proceed i*<t£   of  ike  Fcurfk   Fe<#e/*l  Ty\te-r<afe«cy 
S&diK€*ta.t)0*J  Conference  j  i_  ajf  Vef4£      /9#£ 


RATING   EROSION    SUSCEPTIBILITY 

By  Mark  E.   Van  Der  Puy,   District  Hydrologist ,    Phoenix  District  Office, 
U.S. D.I.    Bureau  of  Land   Management. 

ABSTRACT 

An  Erosion  Susceptibility  Rating  System  was  devised  to  provide  land  managers  with 
an  adequate  and  meaningful  evaluation  of  current  erosion  conditions  and  erosion 
hazards  as  related  to  specific  large  scale  resource  management  programs. 

Using  existing  soil  survey  data,  combined  wind  and  water  erosion  hazard  ratings  can 
be  developed  to  compare  the  relative  effects  of  management  alternatives  on  soil 
erosion.   This  method  is  particularly  useful  in  comparing  alternative  routes  for 
linear-type  disturbances  such  as  transmission  line  routes,  gas  pipelines  and 
off-road  vehicle  races. 

Erosion  condition  classification  data  is  also  available  on  154  million  acres  of 
land  administered  by  the  BLM.   By  coupling  erosion  condition  classifications  with 
combined  erosion  hazard  ratings,  a  dual  component  Erosion  Susceptibility  Rating 
System  can  be  developed  for  particular  watersheds.   The  effect  of  large  scale 
resource  management  programs  on  particular  watersheds  can  then  be  assessed.   This 
method  focuses  on  current  or  potential  problem  areas. 

INTRODUCTION 

Watershed  specialists  employed  by  the  Bureau  of  Land  Management  or  other  agencies 
responsible  for  managing  vast  acreages  of  public  land  are  often  called  upon  to 
assess  the  environmental  impact  of  large  scale  resource  management  programs. 
Typically,  these  specialists  estimate  changes  in  sediment  yield  or  erosion  as  a 
function  of  changes  in  vegetative  cover  using  the  Pacific  Southwest  Inter-agency 
Committee  (PSIAC)  method  or  universal  soil  loss  equation  (USLE). 

The  problem  with  these  approaches  is  that  they  rely  on  speculative  cover  values  and 
involve  time  consuming  calculations  to  generate  numbers  that  mean  very  little  to 
decision  makers. 

A  practical  method  of  assessing  the  impacts  of  proposed  developments  or  management 
plans  on  the  watershed  system,  specifically  those  impacts  involving  soil  erosion 
and  stream  sedimentation,  is  yet  to  be  established  for  large  scale  management  areas 
as  encountered  in  the  BLM.   This  is  evident  in  the  variety  of  assessment  formats 
used  in  the  environmental  assessment  process. 

APPROACHES  TO  IMPACT  ASSESSMENT 

Specialists  assigned  with  the  task  of  evaluating  watershed  impacts  typically  rely 
on  the  Universal  Soil  Loss  Equation  (Wischmeier  and  Smith,  1965)  or  the  Pacific 
Southwest  Inter-agency  Committee  (PSIAC,  1968)  methods  to  quantify  estimates  of 
on-site  erosion  or  sediment  yield.  An  assessment  of  technical  problems  with  these 
methodologies  is  beyond  the  scope  of  this  paper;  it  is  sufficient  to  note  that 
there  is  considerable  controversy  regarding  the  applicability  or  adequacy  of  these 
methods  for  predicting  erosion  losses  and  sediment  yield  from  arid  and  semi-arid 
rangelands. 

When  watershed  specialists  are  requested  to  make  their  predictions,  they  inevitably 
focus  on  the  parameter  most  likely  to  change:   cover.   Assuming  existing  cover 
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values  are  available,  the  specialist  must  first  speculate  on  changes  in  cover 
resulting  from  the  proposed  action;  from  this  professional  judgement  lengthy 
calculations  are  then  made  for  numerous  watersheds  or  grazing  allotments.   The 
final  product  is  units,  either  tons/acre/year  or  acre-feet/square  mile  of  soil  loss 
or  sediment  yield.  The  decision-making  manager  must  ultimately  be  convinced  of  the 
significance  of  these  units.  He  must  weigh  these  units  against  grazing  numbers  or 
systems,  miles  of  rights-of-way  approved,  or  number  of  off-road  vehicle  (ORV)  races 
authorized. 

Krupin  (1980)  addressed  the  problem  in  a  multi-parametric  approach  which  discounted 
the  value  of  calculating  estimates  of  soil  loss  or  sediment  yield.   He  used  a 
rather  lengthy  process  which  considered  geomorphic,  soil,  vegetation,  lithographic 
and  related  parameters  in  developing  a  susceptability  rating  for  a  unit  of  land. 
Managers  could  then  base  decisions  on  miles  or  square  miles  of  land  disturbed  in 
areas  with  different  susceptability  ratings. 

This  direction  in  watershed  impact  assessment  challenged  the  basic  precept  that 
quantification  provides  the  best  answers.   The  complexity  and  time  requirement  of 
the  system  used  by  Krupin,  however,  proves  to  be  a  disadvantage  for  very  large  land 
management  areas. 

EROSION  HAZARD  RATING 

With  the  advent  of  Order  3  and  4  soil  surveys  on  BLM  lands,  specialists  have  been 
given  a  valuable  tool  in  assessing  watershed  impacts.  Among  the  products  of  these 
soil  surveys  are  mapped  delineations  of  soil  associations.   Map  Unit  Descriptions 
(MUD's)  describe  each  of  these  associations  in  a  uniform  format.   Included  in  each 
MUD  are  -evaluations  of  the  wind  and  water  erosion  hazards  of  each  major  soil  group 
found  within  the  mapping  unit. 

Figures  1  and  2  are  excerpts  from  the  Nevada  SCS  Soils  (Form  5)  Guide  USDA-SCS 
(1983).   These  demonstrate  how  the  soil  erodibility  factor  (K)  is  developed.   The  K 
factor  is  multiplied  by  slope  (S)  to  determine  the  water  erosion  hazard  as  follows: 

S  X  K  Water  Erosion  Hazard 

4  Slight 

4-8  Moderate 

8  High 

Evaluation  of  the  wind  erosion  hazard  is  similar.   The  predominant  soil  textural 
class  is  used  as  illustrated  in  Figure  3  to  determine  the  Wind  Erodibility  Group 
(WEG).   A  similar  rating  scheme  as  the  water  erosion  hazard  can  be  used  as  follows: 

WEG  Wind  Erosion  Hazard 

5-8  Slight 

3,4  Moderate 

1,2  High 

Based  on  this  soil  survey  information,  combined  erosion  hazard  ratings  can  be  made 
for  each  MUD.   A  MUD  with  the  dominant  family  having  respective  water  and  wind 
erosion  hazards  of  high  and  moderate,  for  example,  would  have  combined  hazard 
rating  of  H/M.   If  there  were  two  equally  dominant  taxonomic  groups  in  the  MUD,  the 
range  of  hazard  rating  would  be  listed  on  tabulations  or  overlays  as  M-H/S-M. 

2-2 


Figure    1 

Soil   Crealkillty  No-oarapA 


< 

o 

— 

o 


laprlacarf  troa  cha   Journal  of  Soil  and  Wacar  Coosarradoa 
Saptanbar-Octobar  1971,  Voluaa  :».   Suaoar  3 

Figure  2 

"IP*  Valua  Correct  ion  Katio 


.u 

\ 

— 

A 

\ 

if  VACU6 

correction  patio 

\ 

L. 

\ 

1 

1 

\ 

1    1 

V 

i 

I 

\ 

| 

K 

! 

N 

\, 

1 

I    1    1 

1 

V 

^ 

| 

1    1    ! 

1 

\ 

^J 

1 

\ 

1 

~" 

N 

i 

I    1 

J 

1 

v 

i  i 

^ 

>  1    1    ! 

r 

0 

20 


INSTUCTION  FOR   USE 


40  60  80 

•t  COVE*  OF  ROCK  FRAGMENTS 
0* 
%  HOCK  FRAGMENTS  IN  SOIL  HORIZON 


130 


1.  Avaraqa  parcant  <-oeh  frjomants  for  cha  horiton. 

2.  Co  on  vortical  lina  to  curva. 

3.  Co  horizontally  to  SOIL-LOSS  HATI0. 

•.  Multiply  K  from   nomoorapn  by  S-C*  to  gat  eorraetad  K. 


2-3 


Figure  3 


Wind  credibility  Groups 

The  percent  of  soil  aggregates  or  clods  show  a  correlation  for  similar  soil 
texture  which  has  enabled  the  develoanent  of  Wind  Erodlbll  ity  Croups  (WEG). 
These  groups  are  shown  on  the  following  table.  U£G-I  is  more  erodiblc  than 
WEG -2,  and  so  on. 


■  ■   Ml     IMMBB^ 1-1   ■■    -..                               1 

Dry  soil 

Erod  la- 

1 / 

Predominant  soil  textural  class  U. 

aggregate 

bility 

WEG 

>0,84  mm 

"1" 

(percent) 

T/A/Yr. 

1 

1 

Very  fine,  fine  and  medium  sand  (and  dune  sand).   Single 

■> 

220 

grain  structure;  vegetation  difficult  to  establish. 

2 

i 

Loamy  very  fine,  fine,  and  medium  sand.   Dry  clod  structure 
(percent  >0.3<«  mm)  is  weak;  requires  a  combination  of  in- 
tensive practices  to  conerol  wind  erosion. 

10 

I3« 

!' 

Fine,  medium,  and  coarse  sandy  loams.   Dry  clod  structure 
moderately  stable;  requires  at  least  two  measures  to  control 
wind  erosion  in  regions  with  high  and  intermediate  climatic 
factor. 

25 

36 

i  * 
1 

1 

Ctays,  si Ity  clays  (subject  to  granulation).   Dry  clod 
structure  extremely  variable  due  to  contraction  and  swelling 
by  freezing  and  thawing  and  wetting  and  drying;  need  a 
combination  of  at  least  two  measures  to  control  erosion. 

25 

86 

!  M. 

i 

Clay  and  si  Ity  clay  high  in  lime  which  is  conducive  to 
floculation  and  granulation. 

|  5 

Loams,  sandy  clay  loams,  sandy  clays.   Dry  clod  structure 
quite  stable;  a  combination  of  at  least  two  measures  is 
needed  in  •  region  with  high  climatic  factor. 

1.0 

56 

!  & 

Silt  loams  and  clay  loams.   Dry  clod  structure  stable; 
requires  a  combination  of  at  least  two  measures  in  a  region 
with  high  climatic  factor. 

kS 

U8 

7 

Silty  clay  loams,  silt.   Dry  clod  structure  extremely  stable; 
usually  a  single  practice  is  sufficient  to  control  wind 
eros  ion. 

50 

38 

3 

Soils  (not  usually  suited  for  crops)  because  of  wetness, 
extremely  stony  or  very  cobbly  textures. 

" 

m * 

—  For  gravelly  and  cobbly  textures  reduce  WEG  1  to  2  groups  depending  upon 
percent  by  weight.   For  very  gravelly  and  very  stony  textures  reduce  WEG  2 


to  3  groups  depending  upon  percent  by  weight 


An  overlay  showing  erosion  hazard  ratings  could  be  used  to  evaluate  the 
impacts  of  proposed  developments  and  their  alternatives.   In  routing  transmission 
lines  or  ORV  courses,  for  example,  attempts  can  be  made  to  minimize  the  miles 
disturbed  in  areas  with  high  erosion  hazard  ratings.  Comparison  between 
alternatives  can  also  be  made  by  comparing  the  miles  disturbed  in  each  hazard 
group.  This  would  provide  the  decision  maker  with  a  better  idea  of  what  the 
impacts  are  and  how  they  could  be  reduced. 

EROSION  CONDITION  CLASSIFICATIONS 


The  BLM's  Watershed  Conservation  and  Development  System  was  initiated  in  1970  as  a 
six-phase  system  to  identify  and  attain  watershed  objectives  on  specific  geographic 
areas.   Phase  I  consisted  of  field  inventory,  as  outlined  in  BLM  Manual  7322  and  by 
Clark  (1980). 
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As  part  of  this  inventory,  the  current  erosion  condition  (soil  surface  factor,  or 
SSF)  was  determined  by  evaluating  seven  surficial  features  including:   soil 
movement,  surface  litter,  surface  rock,  pedestalling,  flow  patterns,  hills  and 
gullies.   Figure  4  illustrates  how  SSF  values  were  obtained.   Based  on  these  SSF 
values,  erosion  condition  classifications  were  then  assigned:   stable  (SSF  0-20), 
slight  (21-40),  moderate  (41-60),  critical  (61-80)  and  severe  (81-100).  Management 
objectives  are  greatly  designed  to  reduce  disturbance  and  increase  cover  in 
critical  and  severe  watersheds. 

Available  data  for  erosion  condition  classifications  is  enormous.  Each  BLM 
District  in  the  western  United  States  has  both  summarizing  tabulations  and  overlays 
depicting  erosion  conditions  on  each  watershed,  ranging  from  20-400  mi.S  with 
transects  representing  no  more  than  10  mi. 2.   This  data  is  available  on 
approximately  154  million  acres. 

EROSION  SUSCEPTIBILITY  RATING  SYSTEM 

The  Erosion  Susceptibility  Rating  System  consists  of  coupling  the  combined  wind  and 
water  erosion  hazard  rating  with  the  erosion  condition  classification  for  each 
watershed  transect  area.   By  comparing  these  two  components  with  proposed  uses  of 
the  land,  protective  measures  or  other  management  needs  can  be  promulgated.  Table 
1  illustrates  how  the  Erosion  Susceptibility  Rating  System  might  be  used. 

Table  1 


Erosion  Susceptibility  Rating  System 


Component 

Protective 

Measure 

Erosion  Condition 

Erosion  Hazard 

Fire 

Classification 

Rating3 

0RV 

Grazing 

Suppression 

Severe 

High 

1 

3 

4 

Severe 

Moderate 

1 

3 

Severe 

Slight 

1 

3 

Critical 

High 

1 

3 

4 

Critical 

Moderate 

2 

3 

Critical 

Slight 

2 

3 

Moderate 

High 

2 

4 

Moderate 

Moderate 

2 

Moderate 

Slight 

Slight 

High 

2 

4 

Slight 

Moderate 

Slight 

Slight 

Stable 

High 

2 

4 

Stable 

Moderate 

Stable 

Slight 

Representing  the  most  severe  of  the  wind  and  water  erosion  ratings  for  a 
particular  mapping  unit. 


Protective  Measures 

17 

2. 

3. 


4. 


Restrict  all  recreational  0RV  use  to  roads  and  trails. 

Restrict  organized  or  multi-vehicular  0RV  use  to  roads  and  trails. 

Change  management  of  grazing  animals  in  such  a  way  that  vegetative  and 

ground  litter  cover  increase  incrementally  by  25%. 

Consider  these  areas  as  high  priority  fire  suppression  zones. 
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One  advantage  of  this  system  is  that  it  can  be  developed  prior  to  proposals  for 
major  activities  on  public  lands,  such  as  interstate  transmission  line  corridors, 
multi-million  acre  grazing  system,  ORV  courses  hundreds  of  miles  in  length,  etc. 
The  specialists  can  evaluate  each  proposed  action  and  develop  protective  measures 
specific  to  that  action. 

Another  advantage  is  that  most  of  the  data  is  already  available  throughout  the  BLM, 
involving  some  154  acres  of  public  land.  Erosion  condition  classifications  have 
been  available  since  the  early  1970* s.   Order  4  soil  surveys  cover  most  of  the 
areas  administered  by  the  BLM;  more  detailed  Order  3  surveys  are  now  underway. 

Possibly  the  biggest  advantage  of  this  system  is  that  it  does  not  rely  on 
speculation  to  generate  numbers  which  are  meaningless  to  decision  makers.   Rather, 
it  focuses  on  identifying  specific  measures  required  to  protect  or  improve  current 
or  potential  problem  areas. 

Summary 

Current  approaches  to  assessing  watershed  impacts  usually  involve  the  USLE,  PSIAC, 
or  other  methods  which  provide  quantitative  estimates  of  on-site  erosion  or 
sediment  yield.   In  addition  to  the  inherent  weaknesses  of  these  methods,  the  final 
product  is  usually  a  number  which  is  meaningless  to  the  decision  maker. 

An  alternative  to  these  approaches  utilizes  existing  soil  survey  information.   Soil 
Erosion  Hazard  Ratings  can  be  used  to  route  activities  away  from  soils  poorly 
suited  to  withstand  surface  disturbance.   Specialists  working  on  lands  administered 
by  the  BLM  also  have  available  to  them  Erosion  Condition  Classification  data.   By 
coupling  these  existing  pieces  of  data,  specific  measures  can  be  identified  to 
protect  or  enhance  both  current  and  potential  problem  areas. 
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Course  7000.1 
Instructors:   Gebhardt 
Jackson 


USING  PERSONAL  COMPUTERS 

(With  Lab  Sessions  in  Design  Hydrology 
and  Computer  Modelling) 

Objectives 

(1)  To  learn  basics  operation  and  terminology  for  IBM  compatible  personal 
computers. 

(2)  To  be  able  to  use  Microsoft  Disk  Operating  System  (MS-DOS). 

(3)  To  be  able  to  create  and  edit  files. 

(4)  To  learn  the  basic  theories  of  probability  and  risk  analysis  in 
hydrologic  design  and  apply  those  theories  to  the  solution  of  practical 
problems. 

(5)  To  learn  the  basic  theory  and  operation  of  several  common  analytical 
procedures  in  hydrology  and  apply  those  procedures  to  the  solution  of 
practical  problems  using  a  computer. 

(6)  To  learn  what  computer  models  are  and  what  they  do. 

(7)  To  be  able  to  run  several  computer  models. 
Topic  Outline 

I.  INTRODUCTION  TO  COMPUTERS 

A.  What  can  they  do  for  you? 

B.  What  can't  they  do  for  you? 

C.  Frustrations  and  Satisfactions 

II.  PC  BASICS 

A.  Hardware 

B.  Software 

C.  Disk  Operating  System 

D.  File  Handling 

III.  GETTING  TO  KNOW  THE  PC 

A.  How  to  begin 

B.  Interactive  programs 
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C.  Manuals 

D.  Where  to  go  for  help 

E.  Learning  to  type 

F.  Using  MS-DOS 

G.  File  creation 
H.  Editing 

IV.  COMPUTER  LAB:   DESIGN  HYDROLOGY 

A.  Introduction 

1.  Flow  Frequency 

2.  Probability 

3.  Risk  Analysis 

B.  Handout  Problem  in  Risk  Analysis 

C.  Flow  Frequency:  Log-Pearson  III  distributions 

D.  Computer  Exercise:  Log-Pearson  III  analysis 

E.  Rainfall-Runoff  Modelling:   SCS  Methods;  Synthetic  Hydrographs 

F.  Computer  Exercise:   SCS  Curve  Number  Model 

G.  Flood  Routing  Computer  Exercise:   Routing  a  runoff  event 
through  a  small  reservoir. 

H.   Introduction  to  Design  Sedimentation 

V.  INTRODUCTION  TO  MODELLING 

A.  What  do  models  do? 

B.  Types  of  models 

C.  Formulating  a  model 

D.  Flow  Charts 

E.  Input /Output 

F.  Programming  languages 

G.  Compilation 

VI.  COMPUTER  LAB:   RUNNING  MODELS 


ABBREVIATED  RESUME 

Karl  Gebhardt 

Hydrologist 

Idaho  State  Office,  Bureau  of  Land  Management 

3380  American  Terrace 

Boise,  Idaho   83706 

(208)  334-1892,  334-1363  (ARS) 

Current  responsibilities: 

Liaison  between  Bureau  of  Land  Management  and  Agricultural  Research 
Service. 

Saval  Research  Program,  Research  Hydrologist 

Hazardous  Materials  Management  Program  Leader 

Chairmen,  Riparian  Classification  Taskgroup 

Education: 

B.S.  -  Civil  Engineering,  University  of  Utah,  1974 

M.S.  -  Environmental  Engineering,  Utah  State  University  University, 

1976 

Affiliations: 

American  Society  of  Civil  Engineers 

Water  Pollution  Control  Federation 

American  Water  Works  Association 

Chi  Epsilon 

Tau  Beta  Pi 

Registered  Professional  Engineer 

Certified  Professional  Hydrologist  (AIH) 

Areas  of  Publication  and  Presentation: 

Erosion  and  Sediment 
Computer  modeling 
Land  Use  Planning 
Groundwater  modeling 
Landfill  design  and  evaluation 
Riparian  Hydrology 
Hazardous  Waste 


GETTING  STARTED  WITH  THE 

SOIL,  WATER,  AND  AIR 

PERSONAL  COMPUTER  PROGRAMS 


1 .  THE  PERSONAL  COMPUTER  (PC)  SHOULD  BE  TURNED  OFF . 

2.  PLACE  THE  MS-DOS  DISK  IN  DRIVE  A  AND  TURN  THE  PC  ON. 

3.  WHEN  PROMPTED,  ENTER  THE  DATE  AND  TIME. 

4.  AFTER  THE  A:  PROMPT  APPEARS,  TYPE  "B:".  YOU  SHOULD 
THEN  SEE  THE  B:  PROMPT. 

5.  AFTER  THE  B:  PROMPT,  TYPE  "GO".  THE  MAIN  MENU  WILL 
APPEAR . 

6.  FROM  THIS  MAIN  MENU,  YOU  CAN  CHOOSE  TO  RUN  THE 
HYDROLOGY  OR  STATISTICAL  PROGRAMS.  PLACE  THE 
APPROPRIATE  PROGRAM  DISK  IN  DRIVE  B. 


OTHER  INTERACTIVE  WATER  HYDROLOGY  COMPUTER  PROGRAMS 
CURRENTLY  AVAILABLE  ON  THE  BLM  HONEYWELL  DPS-8  COMPUTER 


• 


PROGRAM:       KAY  (SCS  Curve  Number  Runoff  Model) 

ACCESS:        *  BRN  A403/KAY,  R 

DESCRIPTION:   This  program  is  a  storm  runoff  model  based  on  SCS  Curve 
Number  methods.   The  program  calculates  runoff  volume 
and  develops  a  synthetic  hydrograph  for  a  user-defined 
rainfall  depth,  duration,  and  distribution.  Watershed 
input  parameters  include  area,  average  land  slope, 
channel  length,  and  Curve  Number.   Single  or  multiple 
small  watersheds  may  be  analysed  concurrently,  although 
there  are  no  provisions  for  channel  routing  (see 
"FLOOD"  program  for  flood  routing  analyses) . 


i 
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PROGRAM: 

ACCESS: 

DESCRIPTION: 


NEWYHD  (SCS  Curve  Number  Runoff  Model) 

*BRN  A403/NEWHYD,  R 

Same  as  the  KAY  program,  but  optionally  "writes"  a  hydrograph 
output  file  that  ROUTE  "reads." 


PROGRAM: 

ACCESS: 

DESCRIPTION: 


ROUTE  (Reservoir  Routing) 

*BRN  A403/ ROUTE,  R 

This  program  routes  a  hydrograph  output  from  NEWYHD  through  a 
detention  reservoir  with  a  weir  type  emergency  spillway. 


PROGRAM: 

ACCESS: 

DESCRIPTION: 


CHANL  and  MCHANL  (Channel  Geometry) 

*A403/CHANL  or  A403/MCHANL  (metric  version) 

These  programs  reduce  and  analyze  stream  channel  cross- 
section  survey  data  collected  by  either  a  rod  and  level 
survey  or  a  sag  tape  survey.   Data  may  be  entered  from 
the  keyboard  or  a  file.   Cross  sections  are  plotted  on  X-Y 
coordinates  and  discharge  rating  curves  are  developed 
using  Manning's  equation  given  a  user-supplied  value 
for  Manning's  "n."  Output  tables  also  include  values 
for  average  flow  velocity  (for  each  discharge  increment), 
cross-section  area,  wetted  perimeter,  and  hydraulic  radius 


PROGRAM: 

ACCESS: 

DESCRIPTION 


ERHYM  (Forage  production  model) 

*A403/ERHYM 

ERHYM  is  a  range  site  scale  model  which  provides  daily 
simulation  of  soil  water  evaporation,  transpiration,  runoff, 
and  soil  water  routing.   Herbage  yield  is  computed  annually 
at  peak  standing  crop.   It  can  run  either  on  a  seasonal  basis 
with  new  soil  water  boundary  conditions  at  the  beginning  of 
each  year's  growing  season,  or  continuously  utilizing  a  simple 
snowmelt-temperature  relationship  to  account  for  snowmelt 
infiltration  and  runoff,  and  overwinter  recharge.   The  model 
requires  one  or  two  climate  files  and  a  parameter  file  which 
can  be  created  interactively  within  the  ERHYM  program. 
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SOFTWARE 

Software  is   contained  on  magnetic  media  and  contains  the  "code"  or 
instructions  necessary  to  make  the  computer  function.   Typical  software 
comes  on  "floppy"  diskettes  or  cassette  tape.    Some  software  is 
contained  on  computer  chips  and  is  actually  resident  inside  the 
computer.   This  is  called  "firmware". 

Software  is  available  to  do  many  functions.   Common  classes  of  software 
are: 

Word  processing  and  editing 

Data  base  management   (ASPEN) 

Graphics 

Tutorial 

Statistics 

Programing 

Models 

Communications 

Care  and  handling  of  software 


DO 


FELT  TIP  ONLY 


0 


0 

NO  SUN 

NOT  TOO  HOT 


GRASP  BY 
CORNER   f-X/^ 


□ 


0 


DON'T 


WHEN  NOT  IN  USE 


o 


^      h 


PROTECTIVE 
ENVELOPE 


NO  PENCILS,  NO  CLIPS 
NO  BALLPOINTS 


NEVER  REMOVE  A  FLOPPY  DISKETTE  FROM  A  DRIVE  WHEN  ITS  RED 
LIGHT  IS  ON!! 


MANUALS 

Manuals  are  instructions  to  the  user  on  what  the  software  does,  how  it 
works,  how  to  make  it  work,  etc.   It  also  contains  a  license  for  use. 

The  quality  of  a  software  package  is  largely  judged  by  the  quality  of 
the  manual  and  the  ease  of  use  of  the  software. 

Manuals  usually  contain  the  following  parts: 

Introduction 

Installation 

Beginning  sections 

Application  sections 

Advanced  sections 

Appendices  —  Troubleshooting,  reference,  technical  stuff 

Index 

EASE  OF  USE 

Ease  of  use  of  a  particular  software  depends  on  the  user. 

Quality  software  should  allow  a  beginning  user  to  be  led  "by  the  hand" 
while  at  the  same  time  allowing  an  experienced  user  to  use  the  system 
without  unnecessary  "interactive"  time-wasting.  "HELP"  packages  are 
usually  part  of  a  good  system. 

DISK  OPERATING  SYSTEM 

The  Disk  Operating  System  or  DOS  resides  in  the  system  memory  and  takes 
charge  or  supervises: 

Memory  available  to  the  computer 

Allocation  and  accounting  of  disk  space 

Interfacing  user  and  computer 

Interfacing  computer  and  devices  such  as  printer,  keyboard,  monitor 

Generally,  a  computer  operating  on  one  type  of  DOS  cannot  utilize 
programs  written  for  another  type  of  DOS.  In  the  case  of  IBM  and 
compatibles  the  DOS  most  commonly  used  is  MS-DOS,  MS  standing  for 
Microsoft  Corp. 


FILE  HANDLING 


File  handling  within  a  computer  is  similar  to  document  handing  in  an 
office  or  book  handling  in  a  library. 

Let's  pretend  we  have  an  office  and  in  the  office  are  halls  and  many 

rooms . 

Each  room  needs  to  have  a  name  before  it  can  be  used. 


In  the  computer,  the  office  is  like  our  floppy  disk. 

Each  room  is  like  a  root  directory. 

Now  if  we  have  a  file  and  we  want  to  put  it  somewhere,  we  can  put  it 
directly  on  the  office  floor  or  we  can  specify  it  to  go  in  one  of  the 
rooms.  


Olft. 
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We  can  also  put  bookshelves  in  the  rooms.   These  bookshelves  is  like  a 
directory  to  the  computer.   Files  can  again  go  on  the  floor  of  the  room, 
or  now,  on  the  bookshelf,  (directory) . 


Did 
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Each  bookshelf  can  contain  fileboxes,  or  subdirectories  to  the  computer 
Each  subdirectory  can  have  other  subdirectories.    Directories  and 
subdirectories  must  be  specified  to  be  created. 

Now  a  file  can  go  in  the  root  directory,  or  in  a  directory,  or  any  of 
many  subdirectories. 
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FILES 


> DISK.  . 

< 

DOS      START.BAT     WP 

DATA 

SOILS 

WATER 

COMMAND.COM      REPORTS    LETTERS 

FLOW . DAT 

S0ILS5.BAS 

SWRRB.EXE 

IN. SYS 

ASPEN.EXE 

S0ILS5.DAT 

H20.DAT 

MSDOS.SYS        EROSN.RPT   USFS.LTR 

MONIT.ASP 

PERSON 

Files  have  the  general  appearance  of    f ilename .ext 

Filenames  can  be  any  alphanumeric  (A-Z,0-9)  not  exceeding  8  characters. 

The  "ext"  is  the  file  extension  and  cannot  exceed  3  characters. 

Some  extension  have  special  meaning: 

COM   Command  files,  containing  DOS  commands 

EXE    Executable  files  (most  software  have) 

BAT   Batch  files,  for  creating  a  file  of  DOS  commands  that  the  computer 
sees  as  input  like  it  was  typed  from  the  keyboard. 

BAS  Programs  written  in  BASIC  language 

FOR  Programs  written  in  FORTRAN  language 

PAS  Programs  written  in  PASCAL  language 

C  Programs  written  in  C  language 

OBJ  Object  file 

LIB  Library  file 

MAP  Listing  file 

BAK  Backup  file 

DEVICE  FILENAMES 

AUX   referring  input  or  output  from  or  to  an  auxiliary  device 

CON   referred  to  either  keyboard  input  or  output 

LST   referred  to  line  printer 

NUL   does  not  create  a  file,  used  where  command  require  proper 

format 
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CONVERSION  FACTORS 
U.S.  Customary  To  Metric  (approximate) 


LENGTH:  1  inch  =  25.4  mm  (exact) 

1  foot  =  304.8  mm  (exact) 

lyard  =  0.9144  m  (exact) 

1  mile  =  1.609  km 


AREA:  1  square  inch  =  6.452  cm2 
1  square  foot  =  0.0929  m2 
1  square  yard  =  0.8361  m2 
1  acre  =  0.4047  ha 

1  square  mile  =  2.590  km2 


TEMPERATURE 
'F  -  32 


7^ —       -  degrees  Celsius 


FORCE:  1  ounce  force  =  0.278  N 
lpoundforce  =4.448N 
1  kilogram  force  =  9.807  N 


POWER:  1  horsepower  =  "46  W 


VOLUME*  1  cubic  inch    =  16.39 cm^ 
1  cubic  foot    =  0.0283  m* 
1  cubic  yard   =  0.7646  m2 
1  fluid  ounce  =  29.57  ml 
1  fluid  quart  =  0.946    I 
1  gallon  =3.785    I 


MASS:   1  ounce  (av)     =  28.35  g 

1  pound  (av)     =  0.4536  kg 
1  ton  (2000  lb)  =  0.9072  t 


ENERGY.  WORK: 

1  foot-pound  =.  1.356  J 
1  kilocalorie   =  4.185  kJ 
-  •    1  Btu  =  1.055  kJ 


VELOCITY: 

1  mile  per  hou 


_    (0.447  m/s 
!  1.609  km/h 


METRIC-ENGLISH    UNIT   CONVERSION    TA8LE 


WSffi. 


:^?Sf  Ir^m^j 


[Read  as  follows:  Dimension— metric  unit  (symbol)  equals 

English  equivalent] . 
Length— 

1  meter  (m)  =  39.37  inches  =  3.28  feet  =  1.09  yards. 

1  kilometer  (km)  =  0.62  miles. 

1  millimeter  (mm)  =  0.03937  inches. 

1  centimeter  (cm)  =0.3937  inches. 

1  micrometer  (Mm)  =  3.937  X  lO"5  =  104  A. 

Area— 

•^u'^    1  square  meter  (m2)  =  10.764  square  feet  =  1.196  square 
*      '■    ..  yards. 

"...    1  square  kilometer  (km2)  =  386  square  miles  =  247  acres. 
..  /-"v'j"--?    1  square  centimeter  (cm2)  ■  0.155  square  inches. 

1  square  millimeter  (mm2)  =  0.00155  square  inches. 
1  hectare  (ha)  ■  2.471  acres. 


Volume— 

1  cubic  meter  (m3)  =   35.314  cubic  feet  =   1.3079  cubic 

yards. 
1  cubic  centimeter  (cm3)  =  0.061  cubic  inches. 
1   liter  (1)  =   1.057  quarts  =  0.264  gallons  =  0.81  X   10"6 

acre-feet. 

Mass— 

1  kilogram  (kg)  =  2.205  pounds. 

1  gram  (g)  =  0.035  ounces  =  15.43  grains. 

1  milligram  (mg)  =  0.01543  grains. 

1  tonne  (t)  =  0.984  ton  (long)  =  1.1023  ton  (short). 


Time- 
second  day  (s  day). 


year  (yr  or  a). 


Force— 

1  newton  (N)  =  0.22481  pounds  (weight)  =  7.5  poundals. 

Velocity,  linear— 

1  meter  per  second  (m/s)  =  3.28  feet  per  second. 

1  millimeter  per  second  (mm/s)  =  0.00328  feet  per  second. 

1  kilometer  per  second  (km/s)  =  2.237  miles  per  hour. 

1  meter  per  second  (m/s)  =  2.237  miles  per  hour. 


Velocity,  angular- 
radians  per  second  (rad/s). 


Flow  Rate  (volumetric)  — 

1  cubic  meter  per  second  (m3/s)  =  15,350  gallons  per 

minute  =  2,119  cubic  feet  per  minute. 
1  liter  per  second  (1/s)  -  15.85  gallons  per  minute. 
1  cubic  meter  per  day  (m3/d)  =  0.183  gallons  oer  minute. 
1  cubic  hectometer  per  day  (hm3/d)  =  264.2  million 

gallons  per  day. 
1  quinana  (Ancient  Rome;  =  0.47-0.48  liter  per  second. 
1  U.S.  gallon  per  minute  (gpm)  =  0.063  1  liter  per  second  = 

5.45  m3/day. 
1  million  U.S.  gallons  per  day  (mgd)  =  43.3  liters  per 

second  =  3,785  m3/day. 
1  million  Imperial  gallons  per  day  =  52.62  liters  per  seconc 
1  billion  U.S.  gallons  per  day  (bgd)  =  3.785  hm3/day. 
1  cubic  foot  per  second  (cfs)  =  449  gallons  per  minute 

(gpm)  =  28. 3  liters  per  second  (1/s). 
1  acre-foot  per  day  =  14.3  liters  per  second  (1/s). 

Transmissivity— 

1  square  meter  per  day  =  80.5  gallons  per  day  per  foot. 

Viscosity- 
poise  =  1.45  X    10s  pounds  (weight)  seconds/square  inch 

Pressure— 

1  newton  per  square  meter  (N/m2).=  0.00014  pounds  per 

square  inch. 
1   kilonewton  per  square  meter  (kN/m:)  =  0.1-15  pound 

per  square  inch. 
1  kilogram  (force)  per  square  centimeter  =  14.22  3  pound 

per  square  inch. 

Temperature- 
degrees  Celsius  (C)  =  (5FV9  -  17.77. 
degrees  K  =  degrees  C  *  27  3.16. 

Work,  energy,  quantity  of  heat— 

1  joule  (J)  =  2.778  X  10"1  kilowatt-hours  =  3  "25  <  10" 
horsepower-hours  =  0.7375o  toot-pounds  =  °  -8  <  10 
British  thermal  units. 

1  kilojoule  (kJ)  =  2.778  X  10"*  kilowatt-hours. 


■ 


(Unless  otherwise  noted 


Power- 
watt  (W). 
joule  per  second  (J/s). 

all  gallons  are  U.S.  gallons. x 


kilowatt  (kW) 


SI  units 

In  these  conversion  tables. 
Si  units  are  shown  in  blue 
type. 

Where  SI  units  differ  from 
technical  metric  units,  the 
conversions  are  given  for 
both. 

The  following  list  details  the 
main  SI  units  and  their 
symbols  which  are  used 
throughout  these  tables. 

Length 


Area 


Force 


Viscosity,  dynamic 


1  km 

0.621371  mile 

1  m 

1.09361  yd 

3.2303  ft 

1  cm 

0.393701  m 

1  mm 

0.03937  in 

1  inn 

39.3701  uin 

1  mile 

1. 60934  km 

1yd 

0.9144m 

1ft 

0.3048  m 

1  in 

25.4  mm 

1  milli-in 
(thou) 

25.4  am 

1  jiin 

0.0254  am 

Volume 

,  capacity 

1m3 

1.30795  yd5 

1dm3 

(litre) 


0.03531  ft3 
0.21997  imp  gal 
1.7605  pint 
0.2642  US  gal 


1  cm3 

(ml) 

0.06102  in3 
0.0352  floz 

1  litre 
(dm3) 

0.21 997  imp  gal 
1.7605  pint 

1  ml 
(cm3) 

0.0352  floz 

1yd3 

0.76455  m3 

1ft3 

28.3168  dm3 

lin3 

16.3871  cm3 

1  impgal 

4.54609  dm3 

1  USgal 

3.78541  dm3 

1  pint 

0.56826  dm3 

1  floz 

28.4131  cm3 

1  km2 

(100 
hectares) 

247. 105  acres 

1  hectare 

(ha) 

2.47 105  acres 
10000  m3 

1m3 

1.10599  yd3 

1  cm3 

0.1S5in3 

1  mm3 

0.001 55  in3 

1  mile3 

2.58999  km3 

1  acre 
(4840  yd3) 

4046.36  m2 

0.404686  ha 

1yd3 

0.836127  m3 

1ft3 

0.092903  m3 

1  in: 

645. 16  mm2 

Mass 

1  tonne 

1000  kg 

0.98420  ton 
2204.621b 

1  kg 

0.01968  cwt 
2.20462  lb 

ig 

0.03527  oz 

1  ton 

1016.05  kg 

1.01 605  tonne 

1  cwt 

50.8023  kg 

1  lb 

0.45359  kg 

loz 

28.349  g 

Density 

1  kg/m3 

1.686  lb/yd3 
0.06243  lb/ft3 

1  g/cm3 

62.4280  lb/ft3 

1  ton/yd3 

1328.94  kg/m3 

1  lb/yd3 

0.593  kg/m3 

1  lb/ft3 

16.01 85  kg/m3 

1  lb/in3 

27.6799  g/cm3 

Power 

1  hp 

745.700  W(J/s) 

1  ftlbf/s 

1. 35582 W 

1  N 

0.10197  kgf 
0.22481  Ibf 

1  kIM 

101.971  kgf 
224.309  Ibf 

1  kgf 

9.80665  N 

2.20462  Ibf 

1  dyn 

lO^lM 

0.224809  x10"5lbf 

1  Ibf 

4.44822  IM 

0.45359  kgf 

1  tonf 

9.96402  kN 

101 6.05  kgf 

Pressure,  stress 

1  Pa 

;N;m;) 

0.01  mbar 
0.0001  45  Ibf/in3 

1  kPa 
(kN/m3 


0.01  kgf/cm- 
10  moar 
20.885^/^ 
0.2953  in  Hg 


1  kgf/cm2 

98.0665  kPa 

14.223  Ibf/in3 

1  bar 

lOOkPa 

14.5038  Ibf/in3 

1  mbar 

100  Pa 

2.0885  Ibf/ft3 

1  atm 

101.325kPa 

14.6959  Ibf/in3 

1  mm  Hg 
(torr) 

133.322  Pa 

0.01934  Ibf/in3 

1  mm  H-jO 

9.80665  Pa 

0.001422  Ibf/in3 

1  Ibf/in3 

6.39476  kPa 

0.07031  kgf/cm3 
68.9476  mbar 

1  Ibf/ft3 

47.8803  Pa 

0.4788  mbar 

1  tonf/ft3 

1 07.252  kPa 

1.094  kgf/cm3 

1  in  Hg 

3.38639  kPa 

0.491  Ibf/in2 

1  ftH20 

2.98907  kPa 

0.030  kgf/cm2 
22.3997  mm  Hg 

1  Pas 

(Ns/m2) 

0.0208854  ibf  s.  ft2 

IcP 

(centipoise) 

2.08854  x  10"' 

Ibfs/ft3 
0.001  Pas 

1  Ibf  s/  ft2 

47.8803  Pas 

1  Ib/fts 

1488.16cP 
1.48816  kg/  ms 

Viscosity,  kinematic 

1  m3/s 

10.7539  ft2  s 

IcSt                5.58001  m2'h 
(centistokes)l  mm2/s 
10~m3/s 

1  ftf'h 

0.092903  m3/h 

25.3064  cSt 

1  m-  3 

645. 1  6  mm2/s 

645'.16cSt 

Energy 

1  MJ 

0.277778  kWh 

1  J 

0.737562  ft  Ibf 

1  kgf  m 

9.30665  J 

7.23301  ft  Ibf 

1  therm 

1 05.506  MJ 

1  kWh 

3.6  MJ 

1  Btu 

1.05506  kj 

fegg^g^^^g^^^^^^y^^^igv.^ 
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HOW  TO  USE  THIS  GUIDE 
This  guide  is  divided  into  sections  covering: 
General  Operating  Concepts  of  E-RHYM 
Applications 

Sf>at-,j-fir  Optanur  i  ng-r.-mranf  s  ^£.  7-q?r^1__. 

General — Tnpur  Ppqui  rnmenrs 

)utput 

Instuctions    for   Using   Personal    Computer   Version 

■Inotruet  ions — far    TJninr    RT.M    Tnr  r-rtr r  i vr    XjjnaE&itflgfcafcjZgJc&i&g 

References 

Appendices 


Index 


If  you  are  unfamiliar  with  E-RHYM  you  should  begin  by  reading  the 
General  Operating  Concepts  section.   We  suggest  you  next  read  the 
Applications  section,  followed  by  the  General  Input  Requirements 
section.   After  reading  these  sections  you  should  have  enough  background 
information  to  run  the  model.   You  should  gather  your  input  data 
together  and  assemble  it  in  an  organized  manner.   Plan  to  spend  at  least 
a  day  learning  to  use  the  model.   Computer  models  are  very  new  tools  for 
most  rangeland  managers  and  like  most  anything  new,  it  takes  some 
learning  and  practice  to  operate  them  successfully. 

Whenever  possible,  model  output  should  be  checked  against  field  measured 
values,  particularly  soil  water  content.   Model  performance  can  be 
improved  by  some  adjustment  of  the  soil  and  vegetation  parameters. 

If  you  do  have  questions,  contact  the  Service  Center  at  776-0151. 
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GENERAL  OPERATING  CONCEPTS  OF  E-RHYM 


E-RHYM  is  a  rangeland  computer  model  Chat  produces  daily  estimates  of 
runoff,  evaporation  from  soil,  transpiration,  and  soil  water  content  in 
up  to  4  soil  layers.   Annual  herbage  yield  at  peak  standing  crop  is 
estimated  through  a  relationship  with  the  ratio  of  calculated 
transpiration  to  potential  transpiration.    E-RHYM  also  estimates 
peakflow,  drainage  from  the  bottom  of  the  soil  layers,  and  snowpack. 
The  model  produces  daily,  yearly  or  monthly  summaries  based  on  the 
user ' s  request . 

Input  requirements   for  E-RHYM  include  daily  climate  data   for 
precipitation,  temperature,  and  solar  radiation;  hydraulic  properties 
for  each  soil  layer;  and,  basic  vegetation  characteristics.   Climate 
data  can  come  from  historical  records  or  it  can  be  stochastically 
generated.   Soil  hydraulic  property  data  can  be  measured  in  the  field  or 
laboratory,  or  it  can  be  estimated  based  on  soil  texture.   Vegetation 
input  variables  are  estimated  based  on  knowledge  of  species  growth 
characteristics  for  the  plant  or  functional  group  of  plants  in  question. 

Figure  1  and  the  following  narrative  depict  a  typical  daily  cycle  for 
y"'        the  E-RHYM  model  in  computing  soil  water  and  evapotranspiration 
estimates . 

Daily  precipitation,  maximum  and  minimum  temperature,  and  solar 
radiation  values  are  read  from  the  data  base  and  if  the  temperature 
indicates  snow,  precipitation  is  stored  as  snowpack.   Otherwise,  the 
daily  precipitation  total  is  applied  to  the  SCS  runoff  curve  number 
method  to  calculate  the  amount  of  runoff. 

The  computed  daily  runoff  is  subtracted  from  the  daily  precipitation 
value.   The  remainder  is  available  for  addition  to  the  soil  water 
balance  component  of  the  model. 

As  the  soil  water  balance  component  of  the  model  operates,  water  is 
removed  from  the  soil  by  evaporation,  transpiration,  and  drainage 
through  the  soil  layers  (up  to  4). 

Soil  water  addition  proceeds  one  soil  layer  at  a  time.   If,  for 
example,  the  water  content  of  the  surface  layer  exeeds  field 
capacity,  water  is  added  to  the  next  layer  and  so  on  until  all 
available  precipitation  is  accounted  for.   If  all  the  soil  layers 
are  filled,  excess  water  is  counted  as  drainage. 

Before  the  execution  of  the  soil  water  removal  routines,  soil 
evaporation  and  transpiration  potentials  are  calculated.    Soil 
evaporation  is  limited  to  the   top  12  inches  of  soil  and  the  actual 
water  evaporated  is  dependent  on  the  time  that  has  passed  since  the 
soil  surface  was  last  wet.   Potential  transpiration  is  calculated 
based  on  an  estimate  of  the  transpiring  portion  of  the  plant 
(Relative  Growth  Curve)  and  the  relative  proportion  of  roots  in  the 


t 


soil  layers.   (The  user  must  supply  the  relative  growth  curve  and 
root  proportion  prior  to  program  execution.) 

Soil  water  extraction  begins  at  the  first  layer,   first  by 
evaporation,  then  by  transpiration  proceeding  one  layer  at  a  time. 
If  the  surface  soil  layer  cannot  supply  enough  water  to  meet  the 
daily  potential  transpiration  demand  (as  constrained  by  the  root 
system  and  stage  of  plant  growth),  the  model  extracts  water  from  the 
second  layer  and  so  on  until  the  demand  is  satisfied  or  until  some 
soil  water  has  been  removed  from  all  of  the  layers.   When  the 
potential  transpiration  demand  cannot  be  met  by  a  soil  layer,  the 
full  demand  is  applied  to  the  next  layer  but  removal  cannot  exceed 
the  full  demand  less  the  demand  satisfied  from  the  preceding  soil 
layers . 

The  cycle  is  then  repeated  for  each  day. 

When  the  estimated  date  of  peak  standing  crop  has  been  reached,  the 
ratio  of  actual  transpiration  to  potential  transpiration  is 
calculated  as  a  climate  index  and  can  be  multiplied  by  the  site's 
yield  potential  to  obtain  the  annual  herbage  yield  at  peak  standing 
crop. 
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E-RHYM  is  currently  available  through  an  interactive  computer  program 
(one  that  asks  you  questions)  on  the  Bureau  of  Land  Management's  Service 
Center  computer. 

E-RHYM  is  currently  available  in  a  BASIC  language  format,  compatable 
with  rac^t  personal  computers  supporting  Microsoft-Disk  Operating 
Systems  . 


Transforation 


pracioilallon 
[I'lli    Evaporation 


Surface       II     !  .  I 
Runoll         ill. 

-^      I    I 
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Roots  in  Lavar  4 


MS-DOS  is  a  trademark  of  the  Microsoft  Computer  Corporation  and  does 
not  imply  product  endorsement. 


APPLICATIONS 

The  model-calculated  climate  indice  provides  a  index  of  the  growing  season 
climate  as  it  relates  to  plant  growth  and  enables  comparisons  of  range 
treatments  or  vegetation  inventories  among  years  or  range  sites  by  accounting 
for  a  large  portion  of  climate  induced  variation  in  plant  response. 

E-RHYM,  calculates  two  climate  indices,   the  "old"  and  the  "new."   The 
"old"  indice  is  simply  the  ratio  of  cumulative  transpiration  (T)   and 
potential  transpiration  (Tp).   The  "new"  yield  indice  is  calculated  as  the 
ratio  of  the  area  under  the  plotted  seasonal,  cumulative  T  and  T  curves,  as 
in  the  Figure  2  below.    Calculation  of  the  "new"  yield  indice  is  based  on  the 
T  and  T   for  the  period  each  year  between  the  start  of  the  growing  season 
(STRGRO?  and  PSCDAY.   The  "new"  indice  appears  to  be  correlated  a  little 
closer  to  peak  standing  crop  yields  than  the  "old"  indice. 


Use  in  Monitoring 

Model  predicted  results  can  be  used  with  actual  monitoring  data.   Figure  3a 
represents  fild  measured  and  model  predicted  yields.   The  ratios  of  field  and 
model  predicted  yields  are  plotted  in  Figure  3b.   Since  the  variability  of 
model  predicted  yields  represent  only  those  produced  by  the  climate, 
subsequent  trend  can  be  attributed  to  management  assumming  the  model  is 
accurately  representing  the  yields..  "This  type  of  analysis  is  just  one  tool, 
when  coulpled  with  sound  professional  judgement,  can  lead  to  better  range 
management  alternatives. 


Climate  vs.  Management 
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Use  in  Herbage  Yield  Forecasting 


Output  of  the  model  can  be  used  in  a  forecasting  procedure  d 
Wight  and  Hanson  (1982)  which  utilizes  long-term  weather  record 
population  of  site  specific  annual  climate  indices  is  generated 
current  year's  (forecast  year)  beginning  soil  water  content  and 
precipitation,  solar  radiation,  and  temperature  data  from  past 
for  the  remainder  of  the  growing  season.   Each  year  of  historic 
generates  a  climate  indice  value.   The  generated  populations  of 
indices  are  usually  normally  distributed,  and  population  means 
deviations  can  be  calculated  and  used  to  make  probability  forec 
Forecasts  can  be  periodically  updated  throughout  the  growing  se 
utilizing  the  current  year's  daily  precipitation  and  mean  terape 
to  the  date  of  forecast  and  historical  data  for  the  remainder  o 
season.   A  similar  procedure  could  be  used  to  forecast  runoff, 
given  in  the  Figure  4a. 
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Forecasting  Vegetation  Yield 
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A  similar  application  is  shown  in  Figure  4b.   A  number  of  E-RHYM  runs  can  be 
made  using  historic  climate  records  and  the  subsequent  yields  can  be  plotted 
to  generate  a  long-term  vegetation  yield  probability  curve.   This  technique 
can  improve  range  site  descriptions  where  little  vegetation  information 
exists  . 


Long-term  Vegetation  Yield  Probability  Curve 
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Exceedance  Probability 
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INSTRUCTIONS  FOR  USING  PERSONAL  COMPUTER  VERSION 


STRUCTURE 


The  structure  of  the  model  is  diagrammed  in  Figure  9.   E-RHYM  requires  two 
files  to  operate.   One  file  contains  the  BASIC  instruction  code  which  also 
contains  the  site  description  variables.   The  second  file  contains  the  climate 
data.   The  program  begins  by  reading  and  displaying  the  input  parameters.   The 
display  of  the  site  variables  enables  a  quick  check  for  accuracy.   Following 
the  initialization  and  title  page  display  the  program  enters  the  "MAIN" 
section  of  the  model.   The  climate  component  is  called  from  the  "MAIN" 
section,   and  a  climate  file  is  read  through  to  the  end  of  the  year  and 
internally  stored  in  an  array.   If  the  climate  file  is  lacking  either  air 
temperature  and/or  solar  radiation  data,  a  stochastic  climate  generating 
routine  program  is  required  to  complete  the  year's  record.   After  the  current 
year's  climate  has  been  stored  in  arrays,  a  relative  growth  curve  which 
depicts  optimum  plant  activity  is  calculated  and  plotted. 
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A  daily  soil  water  balance  is  calculated  by  the  "DAYSSW"  component  which 
receives  snowraelt  and  runoff  calculations  from  "MOISTURE"  and  calculated  soil 
temperatures  from  "SOILT".   The  daily  print  routine  is  called  from  the  "MAIN" 
Page  headings  are  printed  at  the  beginning  and  at  twenty  day  intervals  during 
each  computer  run.   The  summary  print  routine  is  called  at  the  end  of  each 
year  or  each  run.   At  the  completion  of  a  year's  run,  the  program  is  either 
terminated  or  returns  to  the  beginning  of  the  "MAIN"  to  make  the  next  year's 
run. 
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OUTPUT 

Output  formats  shown  in  Figure  10  are  available.   The  first  format  (Figure 
10a)   emphasizes  hydrology,  the  second  evapo transpiration  (Figure  10b).   These 
formats  are  specified  on  data  input  line  2  (statement  number  9002)  as  shown  in 
Figure  11. 
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INPUT  DATA 

CI imate  data 

The  user  must  supply  daily  climate  data  for  the  E-RHYM  model  to  function.  The 
climate  data  must  be  available  in  a  file  accessable  to  the  model.  E-RHYM  will 
request  the  file  name  of  the  climate  data  file  during  program  execution. 

There  are  several  options  for  making  the  climate  data  available  to  E-RHYM. 

Option  1.   Enter  the  data  from  the  keyboard  and  create  the  climate  file  prior 
to  running  E-RHYM.   Use  the  CLIMENT  program.   (See  Appendix  2).   This  program 
lets  you  input  one  or  all  of  the  required  climate  parameters  and  places  them 
in  the  proper  format  for  use  by  E-RHYM. 

Option  2.  Obtain  the  climate  data  preformatted  from  the  Service  Center.  (See 
Appendix  2) . 

Option  3.  Use  the  CLIMDAT  climate  support  package  (see  Appendix  2)  to  obtain 
the  following: 

Climate  records  of  five  year  length  from  selected  NOAA  stations  on 
or  near  BLM  lands. 

A  complete  climate  record  from  incomplete,  user  supplied  data. 

A  stochastically   generated   climate   record   statistically 
representative  of  actual  long-terra  data  for  your  site. 

Climate  reports  and  statistics. 

Site  Input  Parameters 

Input  parameters  for  this  model  are  readily  obtainable  from  soil  surveys, 
field  observations,  and  the  included  tables  and  figures.   The  parameter  data 
are  stored  in  the  data  statement  numbers  9001  to  9020,  Figure  11.  These  line 
numbers  coincide  with  the  lines  1  through  20  in  the  parameter  display  and  the 
following  listing  of  input  parameters.   See  "Making  a  run"  for  changing  data. 

An  example  of  Che  parameter  file  Input. 


9001  DATA  TEST  RUN 

9002  DATA  1,1,2 

9003  DATA  76,76,91,200 

9004  DATA  4,. 56,0 

9005  DATA  9,9,12,12 

9006  DATA  1.2,1.23,1.43,1.21 

9007  DATA  . 03 , . 07 , . 08 , .  12 

9008  DATA  . 27 , . 23 , . 22 , . 231 

9009  DATA  . 31 , . 29 , . 25 , . 35 

9010  DATA  .  17,. 13,. 17,. 23 

9011  DATA  .3, .44,90,200 

9012  DATA  1 . 0, .0, .3, . 1 

9013  DATA  -20, 150, 15, 1 ,.3 

9014  DATA  10, . 12,2,65, .2 

9015  DATA  1  ,  1  ,  43. 7,0, . 70 

9016  DATA  9,111,561,1001 

9017  DATA  62.5,26,.  155, -.035, 56. 5, 37. 5 
"  9013  DATA  17, .325,-. 145, 430, 235, 2S8 

9019  DATA  27.5,32.8,34.7,40.1,49.1,59.: 


to 
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MAKING  A  RUN 

This  section  describes  the  specific  procedures  for  making  a  run.  Follow  the 
steps  below. 

Step Instruct  ion 

1.  Load  the  MS-DOS  (disk  operating  system).   This  step  varies  with  the 
type  of  computer  you  have,  refer  to  computer  manual  or  better  yet,  ask  someone 
Examples  of  some  procedures  are: 

Insert  diskette  containing  C0MMAND.COM  and  turn  on  computer. 

Computer  with  permanent  disk  storage  (hard).   Turn  on  computer. 

2.  After  MS-DOS  is  loaded,  make  sure  that  it  is  referencing  the 
floppy  disk  drive  you  intend  to  use.   Usually  disk  A  or  B.  The  computer 
displays  a   :A  or  :B.   To  change  the  designation,  simply  type   :A  and 
press  the  return  key,  the  computer  should  now  display  : A/ . 

3.  Place  the  E-RHYM  diskette  in  the  specified  drive  and  type  BASICA 
and  press  the  return  key.   An  ok  should  appear  on  the  screen. 

4.  Now  type  L0AD"ERHYM2"  and  press  the  return  key.   The  disk  drive 
should  whirr  for  about  20  seconds. 

5.  Now  type  LIST  9000:9014  and  press  the  return.   Program  statements 
should  appear  as  in  Figure  11,  above. 

6.  To  change  the  parameters  displayed,  simply  type  the  statement 
line  number.   Then  move  the  cursor  over  the  data  to  be  replaced  and  type 
in  the  new  data  then  press  return  when  you  are  finished. 

7.  Repeat  step  6  for  each  statement  number  in  which  you  need  change 
input  parameters. 

8.  Now  you  can  run  the  program  by  typing  RUN  and  return,  or  you  can 
save  your  changes  on  another  diskette  by  inserting  a  new  formatted 
diskette  and  typing  SAVE" filename"  and  return,  where  filename  is  the 
name  of  the  file  you  want  to  save  the  altered  ERHYM  program. 

9.  Once  you  enter  RUN  and  return,  the  disk  drive  will  whirr  and  in 
about  20  seconds  you  will  be  asked  for  the  name  of  the  climate  data 
file.   After  receiving  the  climate  data  the  input  parameters  will  be 
displayed  on  the  screen.   If  you  want  to  make  a  printed  copy,  use  the 
Screen  Print  key  or  command  for  your  particular  system.   After  the  input 
data  has  been  displayed,  ERHYM  will  begin  executing  the  daily 
calculations.   A  RGC  curve  will  be  displayed  and  your  output  data  will 
begin  to  start  appearing  on  the  screen. 

10.     Use  the  print  screen  key  on  your  PC  to  obtain  a  hard  copy  of  the 
display. 


// 


Figure  12  is  an  example  of  the  model  output  from  which  the  parameter  file, 
Figure  11  can  be  checked. 


An  example  of  che  model  output  of  the  para'mecer 
file. 
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Following  is  a  description  of  each  input  parameter  shown  in  Figures  11  and 
12. 


Line  1 


Line  2 


Line  3 


TITLE 
TITLE 


PRTOPT, 
PRTOPT 

DAYOPT 


LOPT 


STARTY , 
STARTY 

ENDY 

STRDAY 
ENDDAY 


One  line  containing  characters  of  alphanumeric  information 
to  be  printed  at  the  beginning  of  the  output. 

DAYOPT,  LOPT 

1  -  Output  option  that  emphasizes  hydrology  (Figure  10a). 

2  -  Output  option  that  emphasizes  ET  (Figure  10b). 

1  -  Daily  printout. 

2  -  Yearly  summary  printout  only  with  a  graph  of  the  daily 

T/T  values. 

1  -  Inpats  and  outputs  are  in  centimeters. 

2  -  Inputs  and  outputs  are  in  inches . 

3  -  Precipitation  input  is  in  inches,  and  other  inputs  and 

outputs  are  in  centimeters. 

ENDY,  STRDAY,  ENDDAY 
The  last  two  digits  of  the  first  year  of  this  run,  for 
example,  72. 

The  last  two  digits  of  the  last  year  of  this  run,  for 
example,  79. 

Julian  day  the  model  starts,  for  example,  74. 
Julian  day  the  model  stops,  for  example,  180. 


-SOIL  PARAMETERS' 


Line  4   SLARES,  AIRDRY,  FURCAP  (one  value  per  soil  layer) 

SLARES   Number  of  soil  layers,  for  example,  soil  horizons 
with  active  roots  present.   Maximum  of  four. 
(One  value  in  the  same  units  as  THK. )   The  amount  of  soil 
water  (inches  or  cm)  below  permanent  wilting  which  can 
evaporated,  for  example,  0.7  (See  Table     ). 
Surface  storage  capacity  of  the  contour  furrows  in  linear 
units  (inches  or  cm),  for  example,  1.4.   Units  should  be 
the  same  as  for  THK  (line  7). 


AIRDRY 


FURCAP 


Line  5   THK  (one  value  per  soil  layer) 

THK      Thickness  of  each  soil  layer.   If  LOPT  (line  2)  equals  1  or 
3,  then  these  values  are  assumed  to  be  in  centimeters.   If 
LOPT  equals  2,  then  these  values  are  assumed  to  be  in  inches 
If  surface  soil  layer  exceeds  12  inches  (30.5  cm),  it  should 
be  divided  and  entered  as  two  equal  soil  layers. 

Line  6    BDENST  (one  value  per  soil  layer) 

The  bulk  density  (grams  per  cubic  centimeter  for  each  soil 
layer,  for  example  1.3.   (Can  be  estimated  from  Table     .) 

Line  7    ROCKF  (one  value  per  soil  layer) 

Rock  content  not  included  in  gravimetric  soil  water  sample 
and  expressed  as  a  decimal  fraction  (0.0  -  1.0)  on  a 
volumetric  basis.  * 
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Line  8    INITSM  (one  value  per  soil  layer) 

The  initial  soil  water  content  (percent  by  weight  expressed 
as  a  decimal  fraction)  for  each  soil  layer,  for  example, 
0.27. 

Line  9    MHC  (one  value  per  soil  layer) 

Soil  water  content  (percent  by  weight  expressed  as  a  decimal 
fraction)  at  field  capacity  for  each  soil  layer,  for  example, 
0.35.   (Percent  by  volume/bulk  density  =  percent  by  weight.) 
(Can  be  estimated  from  Table  1.) 

Line  10   UNASM  (one  value  per  soil  layer) 

Soil  water  content  (percent  by  weight  expressed  as  a  decimal 
fraction)  at  permanent  wilting  for  each  soil,  for  example, 
0.15.   (Can  be  estimated  from  Table  1.) 


Field  capacity,  permanent  wilting,  bulk  density,  and  airdry  values  as  related  to  soil  textur 
(from  Wight  and  Neff,  1983). 


Field 
ipac  icy 

Permanent 

Computer 

C< 

wile 

ing 

Bulk 

Volu- 

Gravi- 

Volu- 

Gravi- 

Airdry 

Texture 

code 

metric 

metric 

metric 

metric 

dens  ity 

,   3 
g/cm 

g/g 

,   3 
g/cm 

g/g 

g/cm 

Inches 

Sand 

020 

0.091 

0.061 

0.033 

0.022 

1.49 

0.34 

Loamy  sand 

060 

.125 

.084 

.055 

.037 

1.49 

.40 

Sandy  loam 

100 

.207 

.143 

.095 

.066 

1.45 

.48 

Loan 

130 

.270 

.190 

.117 

.082 

1.42 

.52 

Silt  loam 

140 

.330 

.250 

.133 

.101 

1.32 

'  .56 

Sandy  clay  loam 

160 

.255 

.159 

.148 

.092 

1.60 

.60 

Clay  loam 

170 

.318 

.224 

.197 

.139 

1.42 

.80 

Silty  clay  loam 

180 

.366 

.261 

.208 

.149 

1.40 

.83 

Sandy  clay 

190 

.337 

.223 

.239 

.158 

1.51 

.92 

Silty  clay 

200 

.387 

.280 

.250 

.181 

1.38 

1.00 

Clay 

210 

.396 

.285 

.272 

.196 

1.39 

1.00 

From  Rawls  et  al.  (1982). 

The  amount  of  water  in  the  top  12  inches  of  soil  profile  held  aC  tension*  greacer  than  permanent  wilting 
which  can  be  removed  by  evaporation. 
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-VEGETATION  PARAMETERS- 


Line  11   CROPCO,  TRANCO,  STRGRO,  ENDGRO 

CROPCO    Crop  coefficient,  for  example,  0.85. 

TRANCO    Transpiration  coefficient.   Estimated  from  equation  [5]. 

TRANC0=  0.0213  +  0.0162  [average  site  yield,  lb/acre]  ' 

STRGRO    Julian  day  the  model  begins  to  accumulate  T  and  T   for 
calculation  of  the  "new"  yield  indice,  for  example5  90 
(used  only  with  the  "new"  yield  indice.) 

ENDGRO    Julian  day  growing  season  ends,  for  example  200  (used  only 
for  plotting  T/T   when  DAYOPT  =  2). 

Line  12   ROOTF  (one  value  per  soil  layer) 

The  relative  root  density  expressed  as  a  decimal  fraction 
(0.0  -  1.0)  relative  to  the  surface  soil  layer  which  is 
always  1.0. 
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Line  13   STRRGC ,  PSCDAY,  CHAPE,  DSHAPE ,  RGCMIN 

STRRGC    The  value  along  the  Julian  day  scale  used  to  obtain  the 

desired  RGC.   It  can  be  a  negative  number,  for  example  -30 
PSCDAY    Julian  day  of  peak  standing  crop,  for  example,  180. 
CSHAPE    A  shape  parameter  for  left  side  of  RGC,  for  example,  2.0. 
DSHAPE    A  shape  parameter  for  right  side  of  RGC,  for  example,  2.0. 
RGCMIN   The  minimum  value  that  RGC  can  have  during  the  entire  year 

(must  be  between  0.0  and  1.0). 


30    60   90    120   ISO   100   210   2>0   270   300   330  360 

JULiflN  oare 


Figure  2.   Examples  of  Che  relative  grouch  curves  (RGC) 
which  can  be  described  by  equacion  [14]. 
The  Julian  day  for  peak,  scanding  crop  (PSCDAY) 
scare  of  Che  RCC  (STRRCC) ,  lefc  side  shape 
parameter  (CSHAPE)  ,  and  righc  side  shape 
parameter  (DSHAPE)  for  curves  A,  B,  C,  and  D, 
respectively,  are  182,  91,  2,  and  5;  132, 
-120,  2,  and  2;  182,  -40,  2,  and  5;  and 
182,  91,  2,  and  1,  respectively. 
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-WATERSHED/CLIMATE  PARAMETERS- 


Line    14      DACRE ,    CS,    LW,    CN2,    SIA 

DACRE  Area   of    field    in   acres,    for   example,    3.2. 

CS  Channel    slope    (ft/ft),     for   example,    0.022. 

LW  Watershed    length   width    ratio    calculated    by    squaring    length 

and    dividing   by   watershed    area,     for   example,    2.0. 
CN2  Condition    II    SCS    curve    number,    for    example,    80.0    (can   never 

be    less    than   30).       (See    Table    2    and   Appendix    1.) 
SIA  Initial    abstraction   coefficient    for    SCS    curve    number,    usually 

0.20    (always    input    in    inches). 


. — Runoff  curve  numbers  for  range  sices  for  Che  normal  antecdenc 
tnoiscure  condition,  which  is  generally  ancecedenc  moisture 
condicion  II   (from  Wight  and  Neff  1983). 


• 


Range  sice 


Fair 


Wee  land  95 

Very  shalLow  95 

Saline  subirrigaced  90 

Subirrigaced  90 

Shale  90 

Dense  clay  90 

Alkali  clay  90 

Saline  upland  90 

Igneous  90 

Shallow  clayey  85 

Shallow  sandy.,  80 

Shallow  loamy*  80 

Thin  claypan  80 

Shallow  igneous  80 

Steep  c,layey  80 

Clayey"  80 

Gravelly  loamy  80 

SCeep  loamy  80 

Overflow  80 

Loamy  overflow  80 

Clayey  overflow  80 

Coarse  upland  80 

Limy  upland  80 

Shallow  breaks  80 

Stony  .  80 

SCeep  scony  80 

Lowland  80 

Saline  lowland  80 

Loamy  lowland  80 

Loamy  80 

Sandy  lowland  75 

Sandy  75 

Gravelly  70 

Sands  70 

Choppy  sands  70 


Range  con 

die  ion 







High-fair  and 

good 

Exce llenc 

95 

95 

90 

85 

90 

85 

90 

85 

85 

80 

85 

80 

85 

80 

85 

30 

80 

75 

80 

75 

75 

70 

75 

70 

75 

70 

75 

70 

75 

70 

75 

65 

75 

65 

75 

65 

70 

60 

70 

60 

70 

60 

70 

60 

70 

60 

70 

60 

70 

60 

70 

60 

70 

60 

70 

60 

65 

55 

65 

55 

60 

50 

60 

50 

55 

45 

55 

40 

55 

40 

See  USDA,  Soil  Conservation  Service  (1978). 

2  Range  sices  which  were  lisced  in  USDA,  Soil  Conservation  Service  (19  73 )  and 
were  verified  using  wacenlied  daca  from  Hanson  ec  al.  (1981). 

This  range  site  was  not  included  in  the  Wyoming  ta5l».   This  is  a  SouCh  Dakota 
SCS  range  site  designation. 
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WEATHER  GENERATOR  INPUTS 

see  Appendix  2. 

Line  15   TEMOPT,  SOLOPT,  XLAT,  DEL,  STWF 

TEMOPT    0  -  Daily  maximum  and  minimum  air  temperatures  are  generated 
in  WGEN  subroutine. 
1  -  Daily  maxium  and  minimum  air  temperature  are  read  from 
climate  input  file. 

0  -  Solar  radiation  values  are  generated  in  WGEN  subroutine. 

1  -  Actual  solar  radiation  values  read  from  climate  input 
file. 

The  site  latitude  in  degrees. 

The  difference  in  elevation  (in  feet)  between  site  of  model 

application  and  location  of  weather  station  from  which 

climatic  records  were  obtained  for  climate  file  or  were  used 

in  climate  generator. 

A  temperature  weighting  factor.   It  must  have  a  value  between 

0.0  and  1.0  -  usually  about  0.70. 


SOLOPT 


XLAT 
DEL 


STWF 
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Line  16   K(l),  K(2),  K(3),  X(4) 

Seed  numbers  to  initiate  the  random  number  generator  routine. 
They  must  be  odd  integers  with  values  greater  than  100. 

Line  17   TMXD,  ATX,  CVTX,  ACVTX,  TXMW,  TN  (See  Figs.  4-9) 

TMXD     The  mean  of  t     (dry),  °F. 

ATX      Amplitude  of  ?aX   (wet  or  dry),  °F. 

CVTX     Mean  coefficient  of  variation  of  t     (wet  or  dry),  'F. 

ACVTX    Amplitude  of  coefficient  of  variation  of  t  .   (wet  or  dry), 
o  v  mm  J 

F. 

TXMW     Mean  of  t     (wet  or  dry),  °F. 

rflay 

TN       Mean  of  t  .   (wet  or  dry),   F. 

mm  J 


Line  18   ATN,  CVTN,  ACVTN,  RMD,  AR,  RMW  (See  Figs.  10-15) 
ATN      Amplitude  of  t  .   (wet  or  dry),  °F. 
CVTN     Mean  of  coefficient  of  variation  of  t  .   (wet  or  dry),  °F. 

ACVTN    Amplitude  of  coefficient  of  variation  of  t  .   (wet  or  dry), 

„„  mm 

F  . 

RMD      Mean  of  solar  radiation  (dry),  ly. 

AR       Amplitude  of  solar  radiation  (dry),  ly. 

RMW      Mean  of  solar  radiation  (wet) ,  ly. 

Line  19   TA0(1),  TA0(2),  TA0(3),  TA0(4) ,  TA0(5),  TA0(6) 

Mean  monthly  air  temperature  (°F)  for  January  through  June. 

Line    20      TA0(7),    TA0(8),    TA0(9) ,    TAO(10),    TAO(ll),    TA0(12) 

Mean   monthly    temperatures    (°F)    for   June    through    December. 
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APPENDIX  1 


Table      . — Runoff  curve  numbers  for  range  sites  for  the  normal 
antecedent 

moisture  condition,  which  is  generally  antecedent  moisture 

condition  II   (from  Wight  and  Neff  1983). 


Wetland 

95 

Very  shallow 

95 

Saline  subirrig 

ated 

90 

Subirrigated 

90 

Shale 

90 

Dense  clay 

90 

Alkali  clay   _ 
Saline  upland 

S.&. 

90 
90 

Igneous       „ 
Shallow  clayey 
Shallow  sandy 
Shallow  loamy 
Thin  claypan 

90 

J.P. 

85 
80 
80 
80 

Shallow  igneous 

80 

Steep  clayey 
Clayey 

Gravelly  loamy 
Steep  loamy 
Overflow 

5i>. 

80 
80 
80 
80 
80 

Loamy  overflow 
Clayey  overflow 

80 
80 

Coarse  upland 

80 

Limy  upland 

80 

Shallow  breaks 

80 

Stony 

80 

Steep  stony 

80 

Lowland 

80 

Saline  lowland 

80 

Loamy  lowland 

80 

Loamy 

80 

Sandy  lowland 
Sandy 

so. 

75 
75 

Grave  1 ly 

70 

Sands 

70 

Choppy  sands 

70 

Range  condition 


Range  site  Fair  High-fair  and  good 

Exce llent 


95  95 

90  85 

90  85 

90  85 

85  80 

85  80 

85  80 

85  80 

80  75 

80  75 

75  70 

75  70 

75  70 

75  70 

75  70 

75  65 

75  65 

75  65 

70  60 

70  60 

70  60 

70  60 

70  60 

70  60 

70  60 

70  60 

70  60 

70  60 

65  55 

65  55 

60  50 

60  50 

55  45 

55  40 

55  40 


See  USDA,  Soil  Conservation  Service  (1978).    #-^  . 
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APPENDIX  2 

The  R   and  maximum  and  minimum  air  temperature  generating  routines  in  SPUR 
(Wight  1983)  have  been  added  to  ERHYM-II.   These  routines  provide  daily  R   and 
air  temperature  data  as  an  option  when  such  data  are  not  available  from  local 
weather  records.   Model  generated  R   is  conditioned  by  actual  daily 
precipitation  values,  thus  reflecting  daily  variations  in  R  .   Generated  R 
records  are  adequately  similar  to  actual  records  so  as  to  provide  reliable 
results . 

Generated  air  temperatures  should  be  used  with  caution.   The  parameters  for 
the  climate  generation  routine  (Figs.       )  are  based  on  climatic  data  from 
weather  stations  throughout  the  United  States,  and  often  do  not  reflect  the 
local  elevational  effects  on  air  temperature.   It  would  be  appropriate  to 
compare  the  generated  air  temperatures  with  local  climate  records  before  using 
them  in  the  model.   Table    shows  the  effects  of  using  generated  temperature 
and  R  on  some  of  the  model  outputs.   Again,  a  word  of  caution;  the  data  in 
Table  2  represents  only  one,  relatively  short  simulation  period. 

Inputs  for  generating  R   and  air  temperature  are  described  in  the  parameter 
section  and  parameter  values  are  obtained  in  Figures  3  through  14.   The  BASIC 
program  contains  a  random  number  generation  generator  by  deleting  program  line 
5210.   On  a  "COMPAQ"  computer,  it  takes  about  8  minutes  to  generate  one  year  of 
climate  records. 

When  the  air  temperatures,  either  from  weather  records  or  from  the  climate 
/■         generator,  represent  a  site  or  location  that  is  at  an  elevation  different  from 
which  the  model  is  being  applied,  average  daily  temperature  (AVTEMP)  is 
adjusted  by  the  equation 

AVTEMP  =  AVTEMP  -  (DEL  *  0.00356)  [22] 

where  DEL  is  the  difference  in  elevation  between  location  of  model  application 
and  location  of  the  weather  station  from  which  the  air  temperatures  were 
obtained  or  the  location  for  which  they  were  generated. 
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Problem  Set: 

Objective  To  become  familiar  with  flood  frequency  analysis  and  its  use 

in  design  hydrology. 

General 


Hydraulic  structures  such  as  ditches,  culverts,  and  bridges  must  be  designed 
to  resist  certain  size  storm  events.  Information  about  probable  extremes 
which  proposed  structures  may  be  required  to  withstand  and  many  other 
hydrologic  problems  can  be  solved  by  frequency  analysis,  using  past  records 
of  peak  flows  and  storm  events. 

The  first  step  in  a  flood  frequency  analysis  is  to  compile  the  data.  If 
extreme  events  are  of  primary  concern,  the  analysis  most  likely  will  use  only 
the  annual  events,  i.e.,  the  maximum  size  event  of  each  year.  Such  an 
analysis  is  termed  annual  series.  An  annual  series,  however,  ignores  second 
-  and  lower  -  order  events  of  each  year  which  may  be  greater  magnitude  than 
the  largest  events  of  other  years.  A  partial  duration  series  analysis 
overcomes  this  problem  by  using  all  events  above  a  selected  base.  Commonly  a 
partial  series  uses  the  n^  largest  events  in  the  period  of  record. 

Frequency  analysis  labels  the  events  which  can  be  expected  to  occur,  on  an 
average,  once  every  N  years,  the  N-year  event.  This  does  not  imply  that  such 
events  will  occur  once  ewery   N-years.  In  fact,  there  is  a  1%  chance  that  the 
100-year  event  will  occur  during  any  365-day  period. 

After  the  data  is  compiled,  events  are  ranked  in  decreasing  order  of  size  and 
assigned  an  order  number  m.  The  plotting  formula  most  commonly  used  is 

_    n  +  1 
Tr  = 


m 

where  tr  is  the  return  period  of  an  event,  m  is  the  order  number  of  that 
event,  and  n  is  the  number  of  years  of  record.     The  size  of  an  event  is  then 
plotted  over  its  return  period  and  a  straight  line  fitted  through  the  plotted 
points.     If  we  are  studyng  an  annual  series  of  peak  flows,  this  plotting 
would  be  done  on  special   paper  called  Gumbel   probability  paper.     A  partial 
series  of  peak  flows  requires  semilog  paper,  and  an  annual   series  of  rainfall 
data  requires  log-log  paper.     These  types  of  paper  will   generally  facilitate 
drawing  the  straight  line  through  the  data  of  each  type  of  analysis. 

The  probability  (p)  of  a  certain-sized  event  being  equaled  or  exceeded  in  the 
next  year  can  be  defined  as  the  reciprocal   of  the  return  period 

p=4f  (2) 

The  probability  of  non-occurrence  (q)  is 

q  =  1   -  p  (3) 

m  and  substituting  (2)  in  (3)  gives 


This   problem  was   prepared  by  R.L.   Beschta  of  Oregon  State  University 


q-  Tr 


-  1 


(4) 


Tr 


However,  return  period  indicates  only  the  average  interval  between  events 
equal  to  or  greater  than  a  certain  size.  We  want  to  know  the  probability  of 
an  event  with  a  certain  return  period  occurring  within  a  given  time  period. 
The  probability  Pn  that  a  given  event  will  be  equaled  or  exceeded  at  least 
once  in  the  next  n  years  is  the  sum  of  the  probabilities  of  occurrence  for 
each  year  to  the  nth  year  and  may  be  expressed 


Pn  =  1  -  Qn 


(5) 


Procedure 


Complete  Table  1  and  plot  data  points  on  Figure  1.  Fit  a  straight  line 
through  the  data  points  by  the  ocular  estimate  (eyeball)  method. 


Problems 


(1)  Determine  the  probability  that  a  24-hour  rainfall  of  3.5  inches 
will  be  equaled  or  exceeded  in  the  next  year.  (Hint:  start  by 
determining  the  return  period  of  a  3.5-inch  24-hour  storm). 


(2)     A  structure  has  been  designed  to  withstand  a  25-year  24-hour 
storm.     Determine  the  probability  that  the  capacity  of  the 
structure  will  be  equaled  or  exceeded  during  the  next  30  years. 
(Hint:     substitute  equation  4  in  equation  5.)     Explain  what  this 
probability  means. 


(3)  Let's  assume  we  can  accept  no  greater  than  a  25%  chance  of 
failure  in  the  next  25  years.  What  would  be  the  amount  of 
24-hour  rainfall   that  we  will   design  for? 


• 


Questions 

•    ; — r~ 

1.     what  is  return  period  or  recurrence  interval? 


2.     How  far  would  you  feel   safe  extending  the  line  in  Figure  1?     Why? 


3.     According  to  Table  1,  the  maximum  24-hour  storm  for  the  period  of  record 
was  6.01   inches  and  occurred  in  1974.     In  the  year  1997  we  find  this 
6.01 -inch  24-hour  storm  is  still   the  largest  event  of  the  period  of 
record.     According  to  equation  1   it  has  a  "new"  return  period  of  50 
years.     How  can  this  be? 


Table  1.     Maximum  Annual   24-Hour  Rainfall,  Cloud  Mountain,  Colorado 


Maximum  Annual 

24-Hour 

24-Hour 

Order 

Rainfall 

Number 

(In.) 

(M) 

3.19 

8 

2.55 

15 

2.86 

10 

2.38 

19 

3.35 

6 

2.26 

22 

2.75 

11 

2.17 

25 

3.85 

4 

2.14 

26 

3.22 

7 

2.51 

16 

2.45 

17 

2.31 

21 

2.74 

12 

3.62 

5 

4.39 

3 

2.68 

13 

2.20 

23 

2.18 

24 

2.60 

14 

3.09 

9 

2.39 

18 

4.85 

2 

2.35 

20 

6.01 

1 

m 


Year 

1949 

1950  2.55  15  K80  Tr  = 

1951 

1952 

1953  3.35  6  4.50  n  +  "    = 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 


:urn  Period  Tr 

(Years) 

3.38 

1.80 

2.70 

1.42 

4.50 

1.23 

2.45 

1.02 

6.75 

1.04 

3.86 

1.69 

1.59 

1.29 

2.25 

5.40 

9.00 

2.08 

1.17 

1.12 

10 
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Table  10-28    Constructing  a  flood 

•frequency  curve. 

-.^.-..1^  -.      ....  •-■^--^-^.. 

YEAR 

ANNUAL 

PEAK 

DISCHARGE 

(IN/HR) 

RANK 
(If!) 

RECURRENCE 
INTERVAL  (YR) 

T_  n  +  1 
m 

YEAR 

ANNUAL 

PEAK 

DISCHARGE 

(IN/HR) 

RANK 

(m) 

RECURRENCE 
INTERVAL  (YR) 

m 

1937 

0.15 

8 

4.0 

1953 

0.04 

26 

1.23 

1938 

0.05 

20 

1.6 

1954 

0.03 

31 

1.03 

1939 

0.04 

23 

1.39 

1955 

0.06 

18 

1.78 

1940 

0.07 

15 

2.1 

1956 

0.19 

6 

5.3 

1941 

0.08 

14 

2.3 

1957 

0.44 

1 

32.0 

1942 

0.03 

30 

1.07 

1958 

0.05 

22 

1.45 

1943 

0.07 

16 

2.0 

1959 

0.25 

3 

10.7 

1944 

0.04 

24 

1.33 

1960 

0.14 

9 

3.6 

1945 

0.21 

5 

6.4 

1961 

0.22 

4 

8.0 

1946 

0.13 

10 

3.2 

1962 

0.04 

27 

1.18 

1947 

0.07 

17 

1.88 

1963 

0.27 

2 

16.0 

1948 

0.09 

12 

2.7 

1964 

0.18 

7 

4.6 

1949 

0.04 

25 

1.28 

1965 

0.04 

28 

1.14 

1950 

0.09 

13 

2.5 

1966 

0.06 

19 

1.69 

1951 

0.05 

21 

1.52 

1967 

0.04 

29 

1.10 

1952 

0.12 

11 

2.9 

Total  n 

=  31 
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Figure  10=55     Plot  of  recurrence  interval  graph  of  annual  peak  discharge. 
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Table  11-6    FLOOD-PROBABILITY  ANALYSIS  FOR  THE  CLEARWATER  RIVER 
AT  KAMIAH,  IDAHO 
Drainage  area  =  4,850  mi2  (12,560  km2) 


Year 


1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

1929 

1930 

1931 

1932 

1933 

1934 

1935 

1936 

1937 

1938 

1939 

1940 

1941 

1942 

1943 

1944 

1945 

1946 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 


Month 


June 

May 

May 

May 

May 

June 

June 

May 

May 

May 

May 

June 

May 

May 

May 

April 

June 

May 

May 

April 

May 

May 

June 

April 

May 

May 

May 

April 

May 

May 

May 

May 

May 

May 

May 

May 

May 

May 

May 

June 

May 

April 

June 

May 

June 

May 

May 


Discharge, 
fP/l 


39,500 
61,900 
76,600 
41200 
28,200 
56,000 
70,500 
52,800 
52,000 
43,600 
69,700 
62,400 
49,600 
58,900 
59,800 
35,900 
68,600 
72,100 
52,700 
31,000 
40,800 
72,100 
81,400 
45,900 
44,000 
63,200 
34,300 
63,400 
46,000 
37,100 
28,900 
37,100 
51200 
34,200 
44,400 
36,600 
69,900 
99,000 
76,200 
62,600 
44,200 
49,200 
53,100 
58,800 
64,100 
77,800 
71,200 


Order  m 


45 
19 
5 
42 
55 
25 
10 
28 
31 
41 
12 
18 
32 
22 
20 
50 
13 
7 
29 
53 
43 
8 
3 
37 
40 
16 
51 
15 
36 
47 
54 
48 
30 
52 
38 
49 
11 
2 
6 
17 
39 
34 
27 
23 
14 
4 
9 


Plotting 
position,  y 


1.24 
195 

11.20 
L33 
1.02 
124 
5.60 
ZOO 
1.81 
1.37 
4.67 
3.11 
1.75 
155 
2.80 
1.12 
4.31 
8.00 
1.93 
1.06 
1.30 
7.00 

18.67 
1.51 
1.40 
3.50 
1.10 
3.73 
1.56 
1.19 
1.04 
1.17 
1.87 
1.08 
1.47 
1.14 
5.09 

28.00 
9.33 
3.29 
1.44 
1.65 
2.07 
143 
4.00 

14.00 
6.22 
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Table  2  J  Plotting  Position  -  Middle  Fork  Beargrass  Creek, 
Cannons  Lane,  Louisville,  Kentucky. 


Plotting 

Year 

Discharge 

Rank 

Position 

1945 

1810 

9 

0.281 

1946 

791 

28 

0.875 

1947 

839 

27 

0.844 

1948 

1750 

10 

0313 

1949 

898 

24 

0.750 

1950 

2120 

7 

0.219 

1951 

1220 

18 

0.563 

1952 

1290 

15 

0.469 

1953 

768 

29 

0.906 

1954 

1570 

11 

0J44 

1955 

1240 

17 

0.531 

1956 

1060 

21 

0.656 

1957 

1490 

12 

0.375 

1958 

884 

25 

0.781 

1959 

1320 

14 

0.438 

1960 

3300 

3 

0.094 

1961 

2400 

4 

0.125 

1962 

976 

22 

0.688 

1963 

918 

23 

0.719 

1964 

3920 

2 

0.063 

1965 

1150 

20 

0.625 

1966 

874 

26 

0.813 

1967 

712 

30 

0.938 

1968 

1450 

13 

0.406 

1969 

707 

31 

0.969 

1970 

5200 

1 

0.031 

1971 

2150 

6 

0.188 

1972 

1170 

19 

0.594 

1973 

2080 

8 

0.250 

1974 

1250 

16 

0.500 

1975 

2270 

5 

0.156 

DESIGN  HYDROLOGY 

by  William  L.  Jackson 

Bureau  of  Land  Management 

Denver  Service  Center,  D-470 

Denver,  Colorado  80225 

Flow-frequency,  Probability,  Risk  Analysis 

A  statement  of  the  probability  of  occurrence  of  rainfall  of  a  certain 
magnitude  is  fundamental  to  the  design  of  hydraulic  structures.   We  are  after 
the  following: 

-  A  storm  magnitude  for  structure  design,  e.g.,  100-year  storm. 

-  A  statement  or  quantification  of  the  chance — or  risk  that  a  structure 
designed  for  that  magnitude  storm  will  fail. 

Here,  it  is  extremely  important  to  realize  that  the  risk  of  failure  over  a 
project  life  is  different  than  the  probability  of  occurrence  in  any  one  year. 
We  will  discuss  this  later. 
First,  why  do  we  need  a  quantification  of  risk? 

1.  It  is  a  management  consideration — e.g.,  safety,  resource  integrity, 
maintenance  costs. 

2.  It  is  a  cost  consideration. 

-  No  structure  is  risk  free. 

-  The  more  risk  free  we  make  our  designs,  the  higher  the  cost. 


So,  we  need  to  optimize  construction  "costs"  and  risk  costs. 
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Percent  Probability  of  Failure  (RISK) 


First  step  in  design  hydrology  is  to  develop  a  flow-frequency  (or 
storm- frequency)  relationship,  i.e.,  quantify  storm  size  in  terms  of  return 
period. 

To  do  this,  we  first  define  either 

-  annual  maximum  series  of,  say,  peak  flows,  i.e.,  the  single  largest 
flow  of  each  year,  or 

-  partial  duration  series  of  peak  flows,  i.e.,  all  peak  flows  over  a 
certain  level  (may  be  more  than  one  per  year;  not  much  difference 
over  ten-year  flow) . 

A  sufficiently  large  (20  years  +)  sample  of  annual  peak  flows  will  define 
a  probability  density  function,  or  PDF. 


To  define  a  PDF,  we  plot 
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A  normal,  or  bell-shaped  distribution  is  a  common  PDF.   Streamflows, 
however,  are  usually  highly  skewed. 

The  probability  that  a  flow  greater  than  X  will  occur  is  equal  to  the  area 
under  the  curve  to  the  right  of  that  flow.   Conversely,  the  probability  that  a 
flow  less  than  X  will  occur  is  equal  to  the  area  under  the  curve  to  the  left 
of  that  flow.   The  total  area  under  a  PDF  is  l.O. 

This  leads  to  the  concept  of  a  cumulative  probability,  the  probability 
that  a  flow  greater  than  X  will  occur,  i.e.,  plot  flow  vs.  cumulative 
probability,  or  area  under  the  curve,  to  the  right. 
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Probability  of  Exceedance  in  One  Year,  p 


This  is  our  basic  flow  frequency  curve.   The  shape  of  the  PDF  determines 
the  shape  of  the  flow  frequency  curve. 

-  If  the  PDF  is  normal,  we  have  the  above. 

-  If  the  PDF  is  log  normal,  and  we  plot  on  log-normal  probability  paper,  we 
get  a  straight  line. 


-  There  are  other  common  skewed  PDFs,  including  Gumbel  Type  I 

Gumbel  Type  III 
Log-Pearson  III 


» 


Log-Pearson  is  simply  a  skewed  distribution  with  a  variable  degree  of 
skew,  i.e.,  it  is  more  flexible  in  accommodating  these  data.   WRC  recommends 
its  use,  but  most  peak  flow  series  will  fit  a  Gumbel  or  log-normal 
distribution  well.   We  want  the  CDF  to  plot  as  a  straight  line,  so 
extrapolation  is  made  easy. 

Now,  we  are  still  looking  at  a  flow-frequency  curve  in  terms  of 
probability  of  exceedance,  P,  in  1  year.  To  get  the  same  curve  in  terms  of 
storm  return  period,  T,  we  make  the  simple  substitution: 
T  =  1 


T  =  return  period 

p  =  probability  of  exceedance  in  1  year 

conversely,  p  =  1 

and  the  probability  on  non-occurrence — i.e.,  not  having  a  flow  greater  than  an 

amount 

q  =  1  -  p 
=  1-1 


Our  final  product  is  the  traditional  flow- frequency  curve 

Exceedance  Probability 
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Remember,  the  curve  will  only  be  straight  if  the  PDF  is  the  same  as  the 
kind  of  paper  chosen.  ^ 

To  plot  a  flow-frequency  curve,  given  an  annual  series  of  peak  flows,  we 

use 

T  -  n  +  1 
m 

where  n  is  the  number  of  years  of  record  and  m  is  the  order  number  of  the 

event  within  the  entire  series  (order  by  size). 

Once  the  flow  frequency  curve  is  plotted,  we  can  calculate  RISK: 

where  RISK,  q,  ■  the  probability  of  exceedance  of  an  event  with  a 

recurrence  interval,  T,  within  the  next  n  years 

q  -  1  -  (1  -  1  )n 

T 


=  1  -  prob.  of  non-exceedance 

We  can  go  one  step  further  and  look  at  the  probability  of  experiencing 

more  than  one  event  of  a  certain  T  within  an  n  year  period 

q  -  1  -  (1  -  _ljn 
T 

1     n 
=  1  -  p 

where  p  =  p  (1-p)        Nl 

i(N-i)! 

(See  Van  Haveren,  BLM  Technical  Note  337) 
Problem  set  (Handout) 
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Flood  Frequency:   Log-Pearson  III 

The  Log-Pearson  III  flood  frequency  distribution  assumes  that  the 
logarithms  of  individual  peak  flows,  when  plotted  as  a  probability  density 
function  (PDF),  will  fit  a  curve  defined  by  Karl  Pearson  (actually  a  three 
parameter  Gamma  distribution).   Like  a  log-normal  distribution  or  a  Gumbel  III 
distribution,  the  Log-Pearson  III  distribution  is  positively  skewed.   The  skew 
coefficient,  however,  is  not  fixed,  but  is  related  to  the  coefficient  of 
variation  of  the  data  by: 

}f      =  3Cv  +  Cv3 

Therefore,  defining  a  PDF  and  subsequently  a  flow-frequency  curve  using 
the  Log-Pearson  III  methods  requires: 

1.  Calculation  of  a  coefficient  of  variation  of  the  logarithms  of  the 

peak  flows 

(Cv  =  S/ 

X  ) 

2.  Calculation  of  a  skew  coefficient  from  Cv 

3.  Selection  of  a  "K"  #  from  a  table  given  computed  skew  and 
recurrence  interval 

We  will  do  the  calculation  using  a  computer  program  (Pearson). 

Although  the  program  is  designed  to  calculate  skew  coefficient  from  a 
series  of  peak  flows,  you  should  be  cautioned  that  some  analyses  are  done 
using  regionalized  skew  coefficients  as  published  by  WRC. 


Rainfall-Runoff  Modeling;   The  SCS  Curve  Number  Method 

One  of  the  most  widely  used  and  accepted  methods  of  calculating  runoff 
volume  from  rainstorms  is  the  runoff  curve  number  method  developed  by  the  Soil 
Conservation  Service  (SCS).   The  method  has  been  expanded  to  calculate  peak 
runoff  rates  and  synthetic  storm  hydrographSc   By  assuming  that  design 
rainstorms  produce  runoff  of  the  same  return  period,  the  method  can  be  used  to 
develop  design  flows  for  hydraulic  design. 

I  will  briefly  review  the  theory  and  assumptions  (and  simplifications) 
embodied  by  the  Curve  Number  Method,  calculation  procedures,  sources  of 
information,  and  selection  of  design  storms.  We  will  then  solve  some  design 
hydrology  problems  using  a  computerized  version  of  the  procedure. 

Background 

The  SCS  Curve  Number  Method,  conceptually,  is  a  storm-period  runoff 
model.   It  assumes  that  runoff  does  not  begin  upon  the  initiation  of  rainfall, 
but  rather  all  rainfall  up  to  a  point  is  absorbed  by  the  watershed,  i.e.,  it 
is  intercepted,  infiltrated,  or  ponded.   This  is  termed  the  initial  rainfall 


* 


- 


abstraction,  I  .   Once  I  is  satisfied,  runoff  begins,  but  so  does 
additional  watershed  storage.   In  other  words,  I  is  less  than  the  potential 

ex 

watershed  storage,  S. 


*     CZ^1 


I 


_SL 


JL  a. 


Since  S  includes  I  ,  S^I  . 

a—  a 

In  fact,  analysis  of  hundreds  of  storms  worth  of  data  from  dozens  of 
watersheds  suggests  that 

(1) 
Therefore,  once  runoff,  Q,  has  begun,  it  remains  a  fraction  of  the  total 


I  =  0.2S 
a 


precipitation,  P,  minus  the  initial  abstraction,  I  (since  we  still 

s 

contribute  runoff  to  filling  the  remaining  0.8S). 

So,  actual  watershed  retention,  F,  for  a  given  storm  will  always  be  less 
than  or  equal  to  the  potential  retention,  S. 

F  =  (P-I  )  -  Q         (2) 

cL 


SCS  assumed  the  ratio  of  runoff  to  rainfall  (minus  I  )  was  the  same  as 

a 

the  ratio  of  actual  to  potential  storage.   Or: 

F  ■  Q 

S    (P-Ia)  (3) 

Thus,  if  all  storage  is  full,  Q  ■  P.   If  lots  of  storage  remains,  Q«Po 
Intuitively,  this  seems  ok. 

If  we  combine  Equations  2  and  3  and  substitute  0.2S  for  I  ,  we  get  the 

basic  SCS  runoff  equation: 

Q  =  (P  -  0.2S)2        (4) 
P  +  0.8S 

The  SCS  chose  to  solve  for  S  in  Equation  4  by  using  a  runoff  curve  number 

(CN)  where 

S  =  1000  -  10 

CN  (5) 

This  way  runoff  goes  up  as  the  curve  number  goes  up,  and  the  curve  number 

varies  from  0  to  100. 

Since  CN  represents  S,  which  includes  I  ,  it,  too,  is  a  function  of 

SI 

cover,  land  use,  soil  type,  and  antecedent  soil  moisture.   Then  all  become 
factors  in  the  selection  of  a  curve  number. 
Curve  Number  Selection  ; 

Curve  number  selection  is  based  on  hydrologic  soil  group,  cover/land  use, 
hydrologic  condition,  and  antecedent  soil  moisture  condition.   Given 
information  on  those  factors,  CN  selection  is  aided  by  available  tables  and 
graphs. 


See  Handouts: 

-  Hydrologic  soil  groups 

-  Antecedent  moisture  condition  tables 

-  Curve  number  tables 

-  Rangeland  curve  number  graph 
Design  Rainfall  ; 

Design  rainfall  involves  the  selection  of  a  total  storm  rainfall  volume 
(inches),  a  storm  duration  (hours),  and  a  distribution  of  storm  intensities 
within  the  storm  duration.   Generally  a  storm  rainfall  amount  is  selected  to 
represent  a  certain  return  period,  for  example  25  or  50  years,  within  a 
specified  duration,  usually  6  or  24  hours.   Storm  duration-frequency 
information  is  available  from  NOAA  precipitation-frequency  atlases,  or  can  be 
calculated  from  local  rain  gauge  data.   If  information  on  the  distribution  of 
storm  intensities  is  available,  it  may  be  used.   Otherwise,  SCS  has  analyzed 
rain  gauge  data  from  across  the  country  and  generalized  two  representative 
intensity  distributions — Type  I  and  Type  II.   A  Type  I  distribution  is  usually 
applicable  on  the  western  side  of  the  Sierra-Cascade  Mountains.   The  Type  II 
distribution  applies  to  the  rest  of  the  United  States.   In  certain  regions, 
localized  distributions  have  been  developed.   For  example,  the  Farmer-Fletcher 
distribution  has  been  derived  from  precipitation  data  in  northern  Utah. 

See  Handout : 

Type  I  and  Type  II  distributions 


Peak.  Flows  and  Synthetic  Hydrographs 

Synthetic  hydrographs  are  constructed  from  unit  hydrographs.  A  unit 

hydrograph  represents  one  inch  of  runoff  from  a  storm  of  a  specified 

duration.   Unit  hydrographs  are  then  scaled  and  combined  to  construct  a 

synthetic  hydrograph. 

The  SCS  studied  unit  hydrographs  from  many  small  watersheds  and  developed  a 

simplified  method  of  representing  them  by  a  triangular  shaped  hydrograph. 


<3> 


The  hydrograph  can  be  plotted  given  T  ,  T  ,  and  Q  .   T  is  defined  as 

1/2  the  duration  of  rainfall  plus  the  log-to-peak,  t  .   The  log-to-peak, 

P 

t  ,  is  roughly  0.6  of  the  time  of  concentration,  t  .   Therefore, 


T  =  0.5  D  +  0/6  t 
pre 

From  the  definition  sketch  we  know  that 
R  -  Qpk  Tp  =  Qpk  Tr 
2       2 


(6) 


(7) 


So 

Qpk  =   2R  (in/hr)  (8) 

Tp  -  Tr 

By  examining  a  large  number  of  hydrographs,  SCS  has  determined  that 
Tr^l.67  Tp  (9) 

Combining  equations  6-9  and  converting  to  cfs  provides  an  expression  for  Qpk 

2 
in  terms  of  runoff  volume,  R,  basin  area  (mi  ),  A,  duration  of  rainfall,  Dr, 

and  time  of  runoff  concentration,  tc. 

484  AR 

Qpk  =  0.5  Dr  +  0.6  tc  (10) 

Although  several  empirical  procedures  are  available,  the  SCS  usually  uses  the 

following  formula  to  calculate  the  time  of  concentration  of  runoff,  tc, 

tc  =  1.15  (11) 

L 

0.38 
7700H 

Where  L  is  catchment  length  (ft.)  along  the  main  channel  and  H  is  the 

catchment  relief  (ft.) 

The  model  used  in  this  course  used  the  following  formula  for  tc : 

tc  =  L/0.6,  hours 

L  =  watershed  lag,  hours 


=  /?0.8         0.7 
(S  =  1) 


7 


0.5 
1900     y 
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jl   =  length  of  the  longest  stream  channel  (ft.) 
S  =  (1000/CN)  -  10  /    inches 
y  =  average  watershed  slope  in  percent 

Reference:  Kent,  K.M.  1973.  A  Method  of  Estimating  Volume  and  Rate  of 
Runoff  in  Small  Watersheds.  USDA,  SCS-TP-149  (Revised  April  1973) .  ca. 
80  pp. 

Computer  Problems 
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RUNOFF  ROUTING  THROUGH  A  RESERVOIR 

Once  a  design  runoff  hydrograph  has  been  determined  -  either  by  unit 
hydrograph  methods  or  runoff  models  -  the  hydrologist  may  wish  to  determine 
the  effects  of  a  reservoir  on  that  hydrograph.   Or  he  may  have  a  management 
objective  related  to  the  reduction  of  flood  peaks  and  may  wish  to  design  a 
reservoir  to  accomplish  those  objectives.   In  either  case,  an  analytical  tool 
is  needed  to  relate  reservoir  size  and  outflow  (spillway)  characteristics  to 
changes  in  the  runoff  hydrograph. 

The  routing  of  runoff  through  a  reservoir  generally  involves  an  accounting 
of  inflow  volumes,  outflow  volumes,  and  changes  in  reservoir  storage  over 
finite  increments  of  time.  The  mathematical  expression  of  this  accounting 
procedure  is: 

I  -  0  =  A  S 

where  I  is  inflow  volume,  0  is  outflow  volume,  and   S  is  change  in  reservoir 
storage. 

The  inflow  volume  is  determined  from  the  design  inflow  hydrograph  (e.g., 
the  one  determined  by  the  SCS  curve  number  model).   Inflow  volume  is  equal  to 
the  product  of  the  inflow  rate  and  the  finite  increment  of  time. 

The  outflow  volume  is  equal  to  the  product  of  the  outflow  rate  and  the 
same  finite  increment  of  time.  The  outflow  rate  can  be  determined  for  any 
spillway  configuration  (e.g.,  a  pipe,  wier,  etc.)  by  knowing  the  relationship 


between  outflow  rate  and  depth  of  water  above  the  outflow  device .   This 
relationship  is  available  for  most  spillway  designs. 

The  change  of  water  storage  within  the  reservoir  is  simply  a  function  of 
the  reservoir  shape  (surface  area)  and  the  change  in  water  depth  over  the 
finite  increment  of  time. 

When  given  (1)  an  inflow  hydrograph,  (2)  a  relationship  between  water 
volume  and  depth  within  the  reservoir,  and  (3)  a  relationship  between  depth 
within  the  reservoir  and  outflow  rate,  the  routing  equation  above  can  be 
solved.   This  is  because  we  have  two  relationships  (equations)  equating 
reservoir  depth  to  the  two  unknowns  in  the  routing  equation  (outflow  rate  and 
change  in  reservoir  volume) 


The  reservoir  routing  equation  is  solved  easily  on  the  computer  for  small 
time  increments  given  user-supplied  information  on  depth-storage  and 
depth-outflow  relationships.   The  effects  of  reservoir  routing  on  a  flood 
hydrograph  are  shown  be  below: 


nflouJ 


Qf 


V 


Ti  me 

The  variables  which  influence  reductions  in  runoff  peak  and  volumes 
include  spillway  type,  size  and  elevation,  and  reservoir  size  and  shape. 


Erosion  and  Sediment  Yield 

It  is  important  in  a  discussion  of  erosion  and  sediment  yield  to 
distinguish  between  the  two  terms  and  the  various  procedures  for  quantifying 
rates  of  erosion  and  sediment  yield. 

Erosion  involves  the  detachment,  entrainment,  and  transport  of 
soil /geologic  material  from  a  given  place  -  usually  by  forces  of  wind  or 
water.  Erosion  is  usually  preceded  by  various  weathering  processes.  While 
some  detached  and  entrained  particles  are  transported  without  interruption  to 
the  sea,  most  particles  are  redeposited  and  reside  for  varying  periods  of  time 
(minutes  to  centuries)  as  depositional  features.  Sediment  yield,  at  any  given 
point,  is  the  net  of  erosion  minus  deposition  over  a  given  period  of  time 
upstream  from  that  point.  It  becomes  the  volume  of  material  transported  past 
a  given  point  over  a  given  period  of  time.  (See  Figure   ) 


flllUVH/M 


Surface  erosion  processes  on  rangelands  include  sheet  wash  (interrill) 
erosion,  rilling,  and  channel  erosion,  including  gullying.  Alluvial  valley 
fills  are  the  most  common  deposition  feature.  Rill  and  interrill  erosion  are 
dominant  on  uplands.  Channel/gully  erosion  is  the  predominant  process  on 
alluvial  fills. 

Upland  rill -interrill  erosion  rates  are  commonly  estimated  using  the 
Universal  Soil  for  Equation  (USLEh  Channel  erosion  may  be  estimated  using 
various  sediment  transport  relationships.  There  are  no  accepted,  commonly 
used  methods  for  estimating  gully  erosion  rates. 

Sediment  yield  rates  may  be  determined  by  any  one  of  at  least  four  general 
methods: 

1.  Reservoir  surveys  -  assessing  sediment  trap  efficiencies 

2.  Combining  instream  flow-duration  and  sediment  rating  curves 

■  ■■■■ I  mi     m         |    |  II  I  I   I  H|  A^J 

3.  Estimating  upland  erosion  and  applying  a  sediment  delivery  ratio 

4.  Applying  an  empirical  sediment  yield  procedure 
The  most  commonly  used  sediment  yield  procedure  is  the  PSIAC  procedure. 

Handout 

• 

Today  we  will   emphasize  the  use  of  USLE  for  estimating  long-term  upland 
soil   loss  and  the  application  of  sediment  delivery  ratios  for  estimating 
long-term  sediment  yields.     We  will   also  look  at  a  modified  form  of  USLE, 
called  MUSLE,  for  estimating  storm  period  sediment  yields.     While  USLE  is 
commonly  used,  we  need  to  remember  that  it  is  not  necessarily  the  preferred 
method  for  estimating  sediment  yield  (if  other  methods  are  available),  nor 
it  without  its  shortcomings  when  applied  to  rangelands.     (Discuss.) 

The  USLE  is 
A  *  RKLSCP 


is 


where 

A  = 

K  * 
R  = 

L  = 

S  = 

C  = 

P  = 


estimated  soil  loss  (tons/acre/year) 

soil  erodibility  factor  -  erosion  rate  from  a  unit  plot 

rainfall  factor  -  number  of  erosion  index  (EI)  units  in  a  year 

(or  storm).  (Total  KE  times  maximum  30  minute  intensity) 

empirical  correction  for  slope  length 

empirical  correction  for  slope  steepness 

a  "cropping"  factor,  which  accounts  for  effect  of  vegetative  cover 

a  management  factor,  e.g.,  tillage 


The  K  factor  is  published  in  soil  surveys  or  may  be  obtained  empirically 
from  soil  texture  information.  '  R  is  typically  determined  from  two  year,  six 
hour  rainfall  (Figure  ).  LS  is  obtained  from  a  published  chart  (Figure  ). 
In  the  absence  of  better  information,  C  is  obtained  from  Table   in  Ag. 
Handbook  537  (Figure   ). 

Handouts 

Most  sediment  delivery  ratios  are  published  as  relationships  to  watershed 
area. 

Handouts 

Considerable  judgment  must  be  applied,  however,  in  the  application  of  USLE 
for  sediment  yield  estimates. 

MUSLE 

Foster,  Meyer,  and  Onstad  modified  USLE  to  directly  estimate  storm-period 
sediment  yield.     They  replaced  the  R-f actor  in  USLE  with  a  runoff  energy 
factor. 
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Channel  Geometry  Surveys  and  the 
Application  of  Manning"1  s  Equation 

Derivation  of  Average  Bed  Shear  Stress ,'7*  : 

/ 


F]   -  p£  (hydrostatic) 

Wt.   SinoC       *£(L  *  Perim.)     =  0 

"7^    s    Wt.   sine*         =      tf*Al  sin  <X 


A      sino< 
P 


Derivation  of  Friction-type  Flow  Equations"     Manning's  Equation 


'7f    -  if1   RS 


drag  force 
unit  area 


pCQY2 
2# 


v  ■  density  of  water 

Co  =  drag  coefficient 

V^  ■  kenetic  energy  term  from  Bernouli 
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rearranging: 


J* 

^k ieaJ  loss  d\ie    U    fr\<.h 

L       '       «    *? 


Q*J 
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Rearranging  and 
solving  for  Velocity,  Y: 


V'\/%    i/*4 


f 


Now,   solve  empirically  for  Chezy  Coefficient  in  terras  of  the  hydraulic 
radius,  R,  and  a  diraensionless  roughness  coefficient, 


Studies  show  that 


coi* 


ft 


.1     VJ?*Sf* 


n 


in  English  Units 


To  solve  for  Manning's  Equation  from  Channel   Geometry  Surveys,  we  need 
measures      of 


x-Section  area 
Wetted  Perimeter 
Slope 


-R 


UJdfcd  ^rirn-efer 


n: 

Handout 


either  measure  flow  and  back-calculate,  or;   use  table: 
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COMPUTER  FLOOD  HYDROGRAPH  GENERATION  EXERCISE1/ 


Background: 


A  Tributary  to  The  Pussytoes  Hollow  watershed  is  1.6  mi^  in  area,  and  in 
its  virgin  state  contains  a  Ponderosa  pine-grass  vegetation  with  a  cover 
density  of  50%.   The  average  land  slope  of  the  watershed  is  30%,  the 
average  channel  slope  (along  the  largest  drainage  path)  is  5%,  along  which 
it's  8000  ft.  from  the  mouth  to  the  farthest  divide.   The  hamlet  of  Poison 
Spider,  Wyoming  is  nearby,  and  its  rainfall  records  (thought  to  be 
representative  of  Pussytoes  Hollow)  are  attached  in  reduced  form.   The 
average  annual  precipitation  is  about  18  inches. 

Using  the  hydrograph  program: 

1.  A.   What  is  the  runoff  depth  (inches)  and  flood  peak  (ft^/sec(  from  a 

25  year  -  6  hour  storn? 

B.   (Optional  -  for  your  own  extra  personal  pleasure) 

1)  What's  the  effect  on  runoff  depth  and  flood  peak  of  a  10%  error 
in  your  estimation  of  CN? 

2)  Ditto  for  a  10%  error  in  rainfall  depth. 

3.   Ditto  -  for  flood  peaks  only  -  for  a  10%  error  in  time  of 
concentration. 

2.  A  rehab  project  is  then  undertaken.   The  area  is  pitted,  seeded,  and 
fertilized  with  the  aim  of  bringing  it  back  into  maximum  possible 
production  grazing  (summer  only).   What's  the  runoff  and  flood  peak  now? 

3.  Construct  a  flood  frequency  curve  for  the  watershed  in  its  virgin 
state,  (Problem  1).   Use  6  hour  storms  and  the  NE4-4  distribution. 


i/  This  exercise  was  developed  by  Pete  Hawkins,  Utah  State  University, 
for  BLM  Training  Course  7000-8. 


RAINFALL  FREQUENCY  CHART 
DEPTH  IN  INCHES 


POISON  SPIDER,  WYOMING 


DURATION 

lXE 

lOyr 

Return 
25yr 

Period 

50yr 

lOOyr 

5  min 

0.35 

0.70 

0.80 

0.88 

0.94 

10  min 

0.80 

0.93 

1.00 

20  min 

1.00 

1.18 

1.30 

30  min 

0.48 

1.15 

1.35 

1.48 

1.62 

45  min 

1.30 

1.55 

1.70 

60  min 

0.56 

1.40 

1.70 

1.88 

2.06 

2  Hr 

0.75 

1.82 

2.00 

2.30 

2.52 

6  Hr 

1.35 

2.65 

2.95 

3.40 

3.65 
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SECTION  5 

/ 

CURVE  NUMBER  ESTIMATION 

The  volume  and  rate  of  runoff  depends  on  both  meteorologic  and  water- 
shed characteristics,  and  the  estimation  of  runoff  requires  an  index  to 
represent  these  two  factors.  The  precipitation  volume  is  probably  the 
single  most  important  meteorological  characteristic  in  estimating  the 
volume  of  runoff.  The  soil  type,  land  use,  and  the  hydrologic  condition 
of  the  cover  are  the  watershed  factors  that  will  have  the  most  significant 
impact  in  estimating  the  volume  of  runoff.  The  antecedent  soil  moisture 
will  also  be  an  important  determinant  of  runoff  volume. 

The  SCS  developed  an  index,  which  was  called  the  runoff  curve  number 
(CN) ,  to  represent  the  combined  hydrologic  effect  of  soil,  land  use,  agri- 
cultural land  treatment  class,  hydrologic  condition,  and  antecedent  soil 
moisture.  These  factors  can  be  assessed  from  soil  surveys,  site  investi- 
gations, and  land  use  maps;  when  using  the  SCS  hydrologic  methods  for  de- 
sign the  specification  of  the  antecedent  soil  moisture  condition  is  often 
a  policy  decision  that  suggests  average  watershed  conditions  rather  than  a 
recognition  of  a  hydrologic  condition  at  a  particular  time  and  place. 

Soil  Group  Classification 

SCS  developed  a  soil  classification  system  that  consists  of  four  groups 
which  are  identified  by  the  letters  A,  B,  C,  and  D.  Soil  characteristics 
that  are  associated  with  each  group  are  as  follows: 

Group  A:  deep  sand,  deep  loess,  aggregated  silts 

Group  B:   shallow  loess,  sandy  loam 

Group  C:  clay  loams,  shallow  sandy  loam,  soils  low  in  organic  con- 
tent, and  soils  usually  high  in  clay 

Group  D:   soils  that  swell  significantly  when  wet,  heavy  plastic  clays, 
and  certain  saline  soils 

4 

The  SCS  soil  group  can  be  identified  at  a  site  using  one  of  three  ways: 

1.   soil  characteristics 

-2.  county  soil  surveys 

3.  minimum  infiltration  rate 

The  soil  characteristics  associated  with  each  group  are  listed  above.  Count) 
soil  surveys,  where  they  are  made  available  by  Soil  Conservation  Districts, 
give  a  detailed  description  of  the  soils  at  locations  within  a  county;  these 
surveys  are  usually  the  best  means  of  identifying  the  soil  group.   Soil 
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analyses  can  be  used  to  estimate  the  minimum  infiltration  rates,  which  can 
be  used  to  classify  the  soil  using  the  following  values: 

Group     Minimum  Infiltration  Rate  (in/hr) 

A  0.30  -  0.45 

B  0.15  -  0.30 

C  0.05  -  0.15 

D  0      0.05 

Cover  Complex  Classification 

The  SCS  cover  complex  classification  consists  of  three  factors:   land 
use,  treatment  or  practice,  and  hydrologic  condition.  There  are  approximate- 
ly fifteen  different  land  uses  that  are  identified  in  the  tables  for  esti- 
mating curve  number.  Agricultural  land  uses  are  often  subdivided  by  treat- 
ment or  practices,  such  as  contoured  or  straight  row;  this  separation  re- 
flects the  different  hydrologic  runoff  potential  that  is  associated  with 
variation  in  land  treatment.  The  hydrologic  condition  reflects  the  level 
of  land  management;  it  is  separated  with  three  classes:  poor,  fair,  and 
good.  Not  all  of  the  land  uses  are  separated  by  treatment  or  condition. 

Curve  Number  Estimation 

Table  2,  which  is  a  compilation  of  the  CN  tables  provided  in  NEH-4  and 
TR-55,  show  the  CN  values  for  the  different  land  uses,  treatment,  and  hy- 
drologic condition;  separate  values  are  given  for  each  soil  group.  For 
example,  the  CN  for  a  wooded  area  with  good  cover  and  soil  group  B  is  55; 
for  soil  group  C,  the  CN  would  increase  to  70.   If  the  cover  (on  soil  group 
B)  is  poor,  then  the  CN  will  be  66. 

Antecedent  Soil  Moisture  Condition 

Antecedent  soil  moisture  is  known  to  have  a  significant  effect  on  both 
the  volume  and  rate  of  runoff.  Recognizing  that  it  is  a  significant  factor, 
SCS  developed  three  antecedent  soil  moisture  conditions,  which  were  labeled 
I,  II,  and  III.  The  soil  condition  for  each  is  as  follows: 

Condition  I:    soils  are  dry  but  not  to  wilting  point; 

satisfactory  cultivation  has  taken  place. 

Condition  II:   average  conditions 

Condition  III:  heavy  rainfall,  or  light  rainfall  and  low 
temperatures  have  occurred  within  the  last 
5  days;  saturated  soil. 

The  following  table  gives  seasonal  rainfall  limits  for  the  three  antecedent 
soil  moisture  conditions: 

Total  5-day  Antecedent  Rainfall  (inches) 
AMC      Dormant  Season       Growing  Season  " 

I        Less  than  0.5         Less  than  1.4 

II  0.5  to  1.1  1.4  to  2.1 

III  over  1.1  over  2.1 
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TABLE  2.  Runoff  Curve  Nunbers  for  Hydrologic  Soil-Cover  Complexes 
(Antecedent  Moisture  Condition  JI,  and  I  ■  0.2  S) 


Land  Use  Description/Treatment/Hydrologic  Condition 


Residential :- 


2/ 


Average  lot  size    Average  %  Impervious—' 

1/8  acre  or  less 
1/4  acre 
1/5  acre 
1/2  acre 

1  acre 


65 
38 
30 

2S 
20 


3/ 


Paved  parking  lots,  roofs,  driveways,  etc.— 

Streets  and  roads: 

paved  with  curbs  and  store  sewers- 
gravel 
dirt 

Commercial  and  business  areas  (8S\  impervious) 

Industrial  districts  (72%  impervious) 

Open  Spaces,  lawns,  parks,  golf  courses,  cemeteries, etc. 

good  condition:  grass  cover  on  7S%  or  more  of  the  area 
fair  condition:  grass  cover  on  501  to  751  of  the  area 


Fallow 

Straight  row 

i 

— 

Row  crops 

Straight  row 

i 

Poor 

Straight  row 

Good 

Contoured 

Poor 

Contoured 

Good 

Contoured  & 

terraced 

Poor 

Contoured  6 

terraced 

Good 

Small  grain 

Straight  row 

i 

Poor 
Good 

Contoured 

Poor 
Good 

Contoured  & 

terraced 

Poor 
Good 

Close  -seeded 

Straight  row 

Poor 

legumes*/ 

Straight  row 

Good 

or 

Contoured 

Poor 

rotation 

Contoured 

Good 

meadow 

Contoured  i 

terraced 

Poor 

Contoured  & 

terraced 

Good 

Pasture 

Poor 

or  range 

Fair 
Good 

Contoured 

Poor 

Contoured 

Fair 

Contoured 

Good 

Meadow 

Good 

Moods  or 

Poor 

Forest  land 

Fair 
Good 

Hydrologic 

Soil 

Group 

A 

B 

C 

D 

77 

85 

90 

92 

61 

7S 

83 

87 

S7 

72 

81 

86 

54 

70 

80 

85 

SI 

68 

79 

84 

98   98 


98 


98 


98 

98 

98 

98 

76 

8S 

89 

91 

72 

82 

87 

89 

89 

92 

94 

95 

81 

88 

91 

93 

39 

61 

74 

80 

49 

69 

79 

84 

77 

86 

91 

94 

72 

81 

88 

91 

67 

78 

85 

89 

70 

79 

84 

88 

65 

7S 

82 

86 

66 

74 

80 

82 

62 

71 

78 

81 

65 

76 

84 

88 

63 

7S 

83 

87 

63 

74 

82 

85 

61 

73 

81 

84 

61 

72 

79 

82 

59 

70 

78 

81 

66 

77 

8S 

89 

S8 

72 

81 

85 

64 

75 

83 

85 

55 

69 

78 

83 

63 

73 

SO 

83 

SI 

67 

76 

80 

68 

79 

86 

89 

49 

69 

79 

84 

39 

61 

74 

80 

47 

67 

81 

88 

2S 

59 

75 

83 

6 

35 

70 

79 

30 

58 

71 

78 

45 

66 

77 

83 

36 

60 

73 

79 

2S 

55 

70 

77 

Farmsteads 


59   74 


82 


86 


0 


—  Curve  numbers  are  computed  assuming  the  runoff  from  the  house  and  driveway  is 
directed  towards  the  street  with  a  minimum  of  roof  water  directed  to  lawns 
where  additional  infiltration  could  occur. 

—  The  remaining  pervious  areas  (lawn)  are  considered  to  be  in  good  pasture 
condition  for  these  curve  numbers. 

-In  some  warmer  climates  of  the  country  a  curve  number  of  95  may  be  used. 


-'Close  -drilled  or  broadcast. 


Ik 


Runoff  Curve  Numbers  for  Surface  Treatments 


Treatment 
Contour  Furrowing 
Imprinting 
Pitting 
ing 


Soil 

Group 

- 

A 

B 

C 

D 

26 

57 

70 

78 

47 

67 

81 

88 

30 

58 

71 

78 

47 

67 

81 

88 

34 

59 

72 

79 

57 

73 

83 

88 

39 

61 

74 

80 

68 

79 

86 

89 

er  values  are  for  100Z  cover.  Lower  values  are  for  bare  soil  conditions 

Source:   Summer,  R»  N.   1983(?).  Use  of  Land  Surface  Mechanical  Treatments 
to  Control  Erosion  from  Small  Area  Disturbances  on  Mined  Lands. 
Soil  Cons.  Soc.  America  Spec.  Pub«  (manuscripts  in  press) 
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Figure  10.2. — Relationship  of  I  and  S.  Plotted  points 
are  derived  from  experimenxal  watershed  data . 
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Table  1 1-10.  Values  of  a  and  b  for  CN  =  a  -  bX  where  X  is  percent  coyer  for  various  vegetation        2  "9 
types  and  soil  groups.  ffrO/i\     Qra*S.ofiJtf-it>    KAtfe/lvJ  £}yd>djvfy) 

Vegetation  type  Soil  group     a  b  Notes 

Juniper-grass 

Sage-grass 

Herbaceous 


Oak-aspen 


Desert  brush  D  93  0.06  2  < 

2  3 


Ponderosa  pine 
Pasture  or  rangeland 

Annual  grass 

Forests  (P=25  inches) 
Roads 


Bare  rock 
Water  surfaces 


group 

a 

b 

C 

88 

0.32 

B 

82 

0.42 

C 

86.5 

0.46 

B 

73.5 

0.415 

D 

95 

0.115 

C 

90 

0.19 

B 

84 

0.25 

C 

79 

0.44 

B 

74 

0.51 

D 

93 

0.06 

C 

80 

0.06 

B 

84 

0.06 

C 

83 

0.14 

B 

73 

0.31 

A 

77 

0.56 

A 

63 

0.28 

B 

83 

0.28 

C 

89 

0.18 

D 

91 

0.13 

A 

75 

0.44 

A 

60 

0.13 

B 

83 

0.26 

C 

89 

0.18 

D 

91 

0.13 

A 

50.5 

0.286 

B 

71.5 

0.229 

C 

81.5 

0.229 

D 

87 

0.21 

A 

73 

0 

B 

83 

0 

C 

88.5 

0 

D 

90.5 

0 

96 

0 

100 

0 

;  3 

2  4 

2  4 

3 

6 


All  above  curve  numbers  for  AMC  II,  and  I.  =  0.2S.  Cover  without  rocks.  'From  Enderlin  and  Markowitz 
( 1962).  2From  Simamon.  Renard,  and  Sutter  ( 1973).  3For  X<509c  'For  I0%<X<80%.  Nonlinear  relationship 
to  Y  =  83  and  Y  =  73.  respectively  at  X  =  0.  'From  NEH-4  (in  table  form),  reduced  and  converted  to  above 
coefficients.  'For  X>5(K"t  Note  similarity  between  annual  grass  and  rangeland  coefficients  except  for  Soil 
Group  "A".  'From  unpublished  tables  from  U.S.  Forest  Service  personnel  (personal  communication). 
'Assumes  Initial  Abstraction  =  0.08  inch. 
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In  design  the  antecedent  soil  moisture  condition  is  often  a  policy  decision 
rather  than  a  statement  of  actual  soil  conditions  at  the  site  during  develop- 


i 


ment . 


The  CN  values  obtained  from  Table  2  are  for  soil  moisture  condition  II. 
If  either  soil  condition  I  or  III  is  to  be  used,  the  CN  can  be  adjusted 
using  the  following  table: 

CN  for    Corresponding  CN  for  Condition 

fnn^itiriTI   TT  1  HI 


100 

100 

100 

95 

87 

99 

90 

78 

98 

85 

70 

97 

80 

63 

94 

75 

57 

91 

70 

51 

87 

65 

45 

83 

60 

40 

79 

55 

35 

75 

50 

31 

70 

45 

27 

65 

40 

23 

60 

35 

19 

55 

30 

15 

50 

25 

12 

45 

20 

9 

39 

15 

7 

33 

10 

4 

26 

5 

2 

17 

0 

0 

0 

The  following  table  gives  seasonal  rainfall  limits  for  the  three  antecedent 
soil  moisture  conditions: 

Total  5-day  Antecedent  Rainfall  (inches) 

AMC  Dormant  Season  Growing  Season 

I  Less  than  0.5  Less  than  1.4 

II  0.5  to  1.1  1.4  to  2.1 

III  over  1.1  over  2.1 
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Figure  9.5. --Graph  for  estimating  runoff  curve  numbers  of 
forest-range  complexes  in  western  United  States:  herbaceous 

and  oak -aspen  complexes. 
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Figure  9.6. --Graph  for  estimating  runoff  curve  numbers  of 

forest -range  complexes  in  western  United  States:  juniper - 

grass  and  sage -grass  complexes. 
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Figure  -  10. 1    (I  of  2) 
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Drainage  Basin  Morphometric  Formulas 


Mean  basin  slope: 


(Method  1) 


%  ■ 


CI  *  ^(length  of  contours) 


(Method  2) 


(Method  3) 


h  - 


%' 


(elev.  at  0.85L)  -  (elev.  at  0.10L) 


0.75L 


CI  *  (length  of  contour  belt) 


(area  of  contour  belt) 


where  Sy   is  in  feet/mile,  CI  is  the  contour  interval  in  feet, 
L  is  the  length  of  the  longest  channel  extended  from  the 
basin  mouth  to  the  drainage  divide  in  miles,  A  is  the  basin 
area  in  square  miles,  all  other  lengths  in  miles,  elevations 
in  feet,  and  areas  in  square  miles. 


Bifurcation  ratio 


*,.jk 


M 


te*i 


where  Afc^  is  the  number  of  stream  segments  of  a  given  stream 
order  and  A^+,  is  the  number  of  segments  of  the  next 
highest  stream  order. 


Circularity  ratio: 


*c" 


where  A  is  the  basin  area  and  n£  is  the  area  of  a  circle 
having  the  same  perimeter  as  the  basin. 
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CHAPTER  11.  ESTIMATION  OF  DIRECT  RUNOFF  FROM  SNOWMELT 

This  chapter  gives  methods  for  estimating  snowmelt  runoff  volumes  for 
flood  damage  evaluations.  Methods  of  snowmelt  forecasting,  for 
irrigation  and  similar  purposes,  are  described  in  the  Snow  Survey 
Handbook  of  the  Service. 

Details  of  the  thermodynamics  of  snowmelt  are  omitted  from  this  chapter 
because  of  their  limited  value  in  the  methods  presented  here.  Some 
standard  references  ares 

Clyde.  George  D.  -  Snow-melting  characteristics. 
Technical  Bulletin  231,  August  1931.  Utah  Agricultural 
Experiment  Station,  Logan,  Utah. 

Light.  Phillip  -  Analysis  of  high  rates  of  snowmelting. 
Pages  195-205,  Transactions  of  the  American  Geophysical 
Union,  1941. 

Wilson.  W.  T.  An  outline  of  the  thermodynamics  of  snowmelt. 
Pages  182-195,  Transactions  of  the  American  Geophysical 
Union,  1941. 

Significance  of  Snowmelt  Floods 

Bankfull  capacities  in  csm  are  normally  greater  for  small  watersheds 
than  for  large  ones.  Since  snowmelt  rates  are  relatively  low  in  csm 
there  may  be  flooding  on  large  watersheds  when  streams  on  small  water- 
sheds are  flowing  less  than  bankfull. 

The  hydrologist  acquainted  with  an  area  will  know  the  relative 
importance  of  snowmelt  as  a  source  of  flooding  in  that  are.  In 
doubtful  cases  the  data  normally  gathered  by  interview  for  an  historical 
flood  series  will  usually  define  the  character  of  flood  flows.  In 
other  instances,  the  runoff  records  will  show  how  important  snowmelt 
flooding  is.  It  is  seldom  necessary  to  make  detailed  hydrologic 
investigations  into  the  matter. 
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Methods  of  Estimation 

Regional  analysis 

This  method  is  one  of  the  most  useful  for  snowmelt  floodse  See  Chapter  2  i 

for  details  of  the  method*  ' 

Degree~day  method,  ungaged  watersheds 

This  method  is  widely  used  because  of  its  adaptability  to  usual  data 
conditions.  Similar  methods  going  into  more  detail  are  available  but 
seldom  applicable  because  of  lack  of  required  data. 

The  degree=day  method  uses  the  equations 

M  =  K  D  (11=1) 

where   M  =  the  watershed  snowmelt  in  inches  per  day. 

K  =  a  constant  that  varies  with  watershed  and  climatic  conditions. 

D  =  the  number  of  degree-days  for  a  given  day. 

A  degree-day  is  a  day  with  an  average  temperature  one  degree  above  32°  F. 
Maximum  and  minimum  temperatures,  as  found  in  "Climatologies]  Data,"  are 
averaged  to  get  the  daily  average  temperature .  A  day  with  an  average  of 
4-0°  F.  gives  eight  degree-days s  with  an  average  of  51°  F,,  nineteen 
degree  days.  The  general  form  of  the  method  is  given  below.  A  working 
arrangement  of  the  data  is  shown  on  table  11-1.  In  most  cases  the  table 
can  be  condensed.  The  steps  in  the  method  ares 

1.  Using  precipitation  stations  or  snow  survey  data,  show  either 
(a)  the  total  available  water  equivalent  at  the  beginning  of 
the  melt  season  (table  11-1)  or  (b)  the  precipitation  and  the 
water  equivalent  by  days  (table  11-2).  The  first  procedure  is 
used  where  there  is  generally  only  one  melt  period  per  year;  the 
second,  where  melt  periods  occur  intermittently  through  the 
winter  and  spring.  Water  equivalent  is  the  depth  of  water,  in 
inches,  that  results  from  melting  a  given  depth  of  snow,  and 
it  is  dependent  on  both  depth  and  density  of  snowc  Snow 
surveys  give  field  determinations  of  water  equivalents.  Where 
such  surveys  are  not  made,  it  is  customary  to  use  one-tenth  of 
the  snow  depth  as  the  depth  of  water  equivalent. 

2.  For  temperature  stations  in  the  watershed,  tabulate  average 
temperatures  for  the  melt  periods.   (Note:  maximum  and 
mi  tH  Tm:nn  values  as  given  in  "Climatological  Data"  can  be 
averaged  mentally  to  avoid  tabulation  of  averages  below 
33°  F.) 
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Table  11-1.  Estimation  of  snowmelt  by  degree-day  method „  One  melt 
period 


Dates 

Watershed 

average 
temperature 
OF.  1/ 

Degree- 
days 

Estimated 
enowmelt  2J 

Total  available 
water  equivalent 

Inches 

Inches 

April  5 

32 

0 

0 

4*50 

6 

35 

3 

.18 

4»32 

7 

34 

2 

.12 

4.20 

8 

36 

4 

.24 

3.96 

9 

48 

16 

.96 

3.00 

10 

43 

11 

.66 

2.34 

etc. 

etc. 

etc. 

etCe 

etc. 

1/  Average  of  two  stations j  adjusted  for  altitude. 
2/  Using  X  =  0.06  in  equation  11-1. 
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Table  11-2 .  Estimation  of  snowmelt  by  degree-day  method.  Intermittent 
melt  period. 


Precipi- 
tation 

Inches 

Water 
equiv-  . 
alent  2/ 
Inches 

Degree- 
days 

Snowmelt 

Dates 

Potential 
2/ 

Estimated 

Inches 

Remaining 
water 

equivalent 

Inches 

Inches 

Nov  3 
Nov  4-18 
Nov  19 
Nov  20-29 
Nov  30 

0.85 
3.80 

0.08 
.38 

5 

0.30 

0.08 

0c08 
.08 

0 

0 
.38 

Dee  1-24 
Dec  25 
Dec  26- 
Jan  18 

4.15 

.42 

.38 

.80 
.80 

Jan  19 
Jan  20- 
Feb  2 

.52 

.05 

.85 
.85 

Feb  3-20 

Feb  21- 

Mar  U 

6.92 

.69 

1.54 
1.54 

Mar  15 
Mar  16-28 
Mar  29 
Mar  30 
Mar  31 

U.24 

1.42 

3 

11 
22 

.18 

.66 

1.32 

.18 
.66 

2.96 
2.96 
2.78 
2.12 
.80 

Apr  1-9 
Apr  10 
Apr  11 

7 
32 

.42 
1.92 

.38 

.80 
.38 
0 

1/  One-tenth  of  snow  depth. 

2/  Using  K  =  0.06  in  equation  11-1. 
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3.  Adjust  the  average  temperatures  to  the  average  watershed 
elevation,  using  the  method  given  below  in  Adjustment  of 
temperatures  for  altitude.  This  step  is  omitted  when  elevation 
data  are  crude  or  otherwise  unreliable. 

U»     Compute  the  watershed  average  daily  temperatures  by  averaging 
the  station  averages  (adjusted  for  altitude,  if  desirable). 

5.  Subtract  32°  F.  from  each  watershed  average  daily  temperature 
to  get  the  degree-days  per  day. 

6.  Use  equation  11-1  to  get  an  estimate  of  the  potential  snowmelt 
for  each  day.  See  K  factors  below  for  selection  of  K. 

7.  Where  the  daily  potential  is  not  greater  than  the  water 
equivalent  remaining  on  the  watershed,  it  is  shown  as  an 
estimate  of  snowmelt. 

Once  the  estimates  of  snowmelt  are  obtained,  they  are  used  to  obtain 
hydrographs  as  described  in  Chapter  16. 

Some  hydrologists  suggest  that  the  effects  of  infiltration  be  subtracted 
from  the  estimated  snowmelt.  However,  the  K  factors  as  generally 
developed  already  include  the  effects  of  infiltration.  The  effects  of 
measures  such  as  contour  furrows  are  obtained  as  described  in  Chapter  12. 
The  effects  of  reservoirs,  levees,  etc.  are  obtained  as  usual. 

Refinements  in  the  degree-day  method  are  best  made  by  first  improving 
the  accuracy  of  determinations  of  snow  depth  and  areal  distribution  on 
the  watershed.  When  these  are  known  within  anal]  limits  of  error,  then 
water  equivalents  should  be  refined,  since  the  l/lO  ratio  is  a  rough 
approximation.  Refinements  in  K  factors  should  come  last. 

Degree-day  method,  gaged  watershed 

The  degree-day  method  has  a  very  limited  use,  if  any  at  all,  for  flood 
evaluations  on  gaged  watersheds.  When  gaging  station  data  are  available, 
those  data  should  be  used  to  estimate  flood  peaks  and  volumes  on  other 
portions  of  the  watershed. 

Adjustment  of  temperatures  for  altitude 

In  general,  air  temperatures  decrease  about  3°  to  5°  for  every  1,000 
feet  of  rise  in  altitude.  Other  factors  influence  this  "lapse  rate." 
so  that  refinements  are  not  justified,  and  an  average  decrease  of  J+    F. 
per  1,000  feet  rise  should  be  used. 
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Example  11-1— A  watershed  with  an  average  elevation  of  4., 600  feet 
had  temperature  station  readings  of  38°  F.  at  a  5600-foot  elevation, 
and  48°  F.  at  a  3000-foot  elevation.  The  average  temperature  for 
the  watershed  is  then: 


(38)  -  A-    (4600  -  5600)  =  42.0 

(48) (4600  -  3000)  =  41.6 

1000  _____ 

Sums  83 . 6 

Average:  41o8 

Round  off  to:  42 


While  further  refinements,  such  as  weighting,  can  be  made,  they  are  seldom 
justified. 

K  factors 

The  constant  K  in  equation  11-1  is  known  to  vary  not  only  from  watershed 
to  watershed,  but  also  from  day  to  day  on  a  given  watershed.  It  is 
seldom  possible  to  do  more  than  make  a  broad  estimate  of  K.  An  average 
value  of  0.06  can  be  used.  The  following  table  may  be  of  assistance  in 
special  cases: 

Table  11-3.  K  factors 


Condition  K 

Extremely  low  runoff  potential  0.02 

Average  heavily-forested  areas;  .04  -  .06  */ 
north-facing  slopes  of  open  country 

Average  .  06 

South- facing  slopes  of  forested  areas;  . 

average  open  country  .06  -  .08  =/ 

Extremely  high  runoff  potential  .30 


\J   Recommended  by  A.  L.  Sharp. 
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Concordant  flow  method 

The  method  of  Chapter  2  can  be  simplified  to  estimate  both  peaks  and 
volumes  of  snowmelt  runoff,  when  at  least  one  streamflow  record  is 
available.  The  method  is  very  similar  to  the  Regional  analysis  method 
mentioned  above  and  in  Chapter  2. 

The  volume  of  snowmelt  for  an  ungaged  subwatershed  is  the  same  as  that 
for  the  gaged  watershed,  assuming  equal  coverage  of  snow  over  both  areas. 
Where  it  is  possible  to  estimate  the  amounts  or  degrees  of  snow  coverage, 
the  snowmelt  volumes  in  inches  may  be  taken  as  directly  proportional  to 
snow  depth  or  degree  of  coverage.  For  example,  if  there  is  a  3.2" 
snowmelt  runoff  from  a  gaged  watershed  of  82  square  miles  with  76  percent 
of  the  watershed  having  snow  cover,  then  a  subwatershed  of  12  square  miles 
and  100  percent  snow  cover  will  have  an  estimated  runoff  of: 

3.2  (J-QQ)  =  U.2   inches. 
(76) 

Note  that  area  in  square  miles  is  not  used  in  the  computation  unless 
acre-feet  are  needed.  If  instead  of  the  percents  the  gaged  watershed  is 
known  to  have  an  average  of  16.2  inches  of  snow-depth  and  the  ungaged 
subwatershed  20.4.  inches,  then  the  runoff  for  the  subwatershed  is: 

3.2  (20-4)  =4.0  inches. 
(16.2) 

Other  factors  can  be  brought  in,  but  here  again  refinement  is  not 
justified. 

Peaks  of  snowmelt  runoff  can  be  obtained  as  described  in  Chapter  16. 

Other  methods 

Where  intensive  study  has  been  or  can  be  made  of  a  watershed,  more 

detailed  and  more  accurate  methods  of  estimating  snowmelt  runoff  can  be 

used. 
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SEDIMENT  YIELD  FROM  SMALL  SEMIARID  RANGELAND  WATERSHEDS 


K.  G.  Renard  and  J.  J.  Stone— 
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INTRODUCTION 


Sediment  yield,  the  quantity  of  sediment  moving  past  a  cross-section  of  a 
channel  in  a  specified  time  interval,  is  sometimes  mistakenly  assumed  to  be 
synonomous  with  erosion.  Material  removed  from  a  slope  as  rill  and  interrill 
erosion  may  be  deposited  at  the  toe  of  a  slope,  on  a  flood  plain,  or  at  other 
points  within  the  watershed  where  the  sediment  load  exceeds  the  transport  capa- 
city of  the  runoff.  Within  a  channel,  material  eroded  not  only  from  the  land- 
slope,  but  also  from  the  channel  bed  and  banks  and  from  gullies  and  headcuts, 
can  be  a  significant  part  of  the  sediment  transported  past  a  point  on  the 
stream.  The  path  that  a  soil  particle  takes  in  moving  to  a  point  of  lower 
potential  energy  is  complicated,  and  the  process  is  often  stepwise  in  time. 

Assuming  that  governing  equations  for  such  movements  are  known,  these  com- 
plexities make  physically  based  equations  describing  the  movement  of  sediment 
difficult  to  use.  "Thus,  more  simplified  empirical  equations  are  often  used. 
Recent  developments  in  watershed  modeling,  however,  include  erosion/sediment 
transport  routines  with  detailed  hydrologic  models.  These  new  modeling  tech- 
niques promise  to  reflect  the  effects  of  different  land  use  and  the  effects  of 
the  variations  from  year  to  year  resulting  from  climatic  differences.  They  do, 
of  course,  require  much  more  computer  time,  have  different  data  requirements, 
and  are  more  expensive  to  use  than  the  simple  empirical  models. 

Methods  for  estimating  erosion  and  sediment  yield  from  rangelands  are 
based  primarily  upon  the  principles  developed  in  parts  of  the  United  States 
where  cultivated  agricultural  activities  are  prevalent.  Techniques  incorpora- 
ting disturbance  of  the  soil  by  tillage  are  not  generally  applicable  to  range- 
lands,  so  the  erosion-estimating  techniques  must  be  adjusted  to  reflect  these 
land  use  differences  for  rangelands.  Typical  problems  unique  to  rangelands  are 
those  associated  with  the  different  soils  (the  genesis  of  western  range  soils 
are  different  from  those  in  humid  areas);  the  existence  of  erosion  pavements 
(which  provide  protection  from  raindrop  impact  and  decrease  the  shear  of  water 
moving  over  the  land);  grazing  and  trampling  by  animals,  and  with  channel  ero- 
sion processes  which  are  very  important  on  rangelands. 

Renard  (1980)  detailed  seven  different  methods  for  estimating  sediment 
yield.  Each  has  different  data  requirements,  vary  in  complexity,  and  produce 
different  results.  The  choice  of  method  depends  upon  the  objective  of  the 
investigation.   In  this  further  investigation,  some  sediment  yield  formulae  are 
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tested  with  sediment  yield  data  from  nine  small  watersheds  in  the  Walnut  Gulch  W 
Experimental  Watershed  near  Tombstone,  Arizona. 


METHODS  TESTED 

Pacific  Southwest  Interagency  Committee  Method  (PS1AC) 

The  method  developed  by  the  Water  Management  Committee  of  the  PSIAC  (1968) 
was  intended  for  broad  planning  rather  than  for  specific  project  formulation 
where  more  intensive  investigations  are  required.  Although  this  method  was  in- 
tended for  use  in  areas  larger  than  10  mi^,  we  tested  it  here  on  small  water- 
sheds to  demonstrate  a  method  that  might  be  readily  used  to  estimate  sediment 
yield  within  a  land  resource  area  (Austin,  1965).  Testing  the  method  improves 
the  confidence  of  the  user  in  selecting  parameter  values  that  reproduce  obser- 
ved data. 

The  method  requires  using  nine  factors  to  determine  the  sediment  yield 
classification  for  a  watershed.  The  factors  are  (A)  geology,  (B)  soils,  (C) 
climate,  (D)  runoff,  (E)  topography,  (F)  ground  cover,  (G)  land  use,  (H)  upland 
erosion,  and  (I)  channel  erosion/sediment  transport.  Each  factor  is  assigned  a 
numerical  value  from  a  rating  chart  (PSIAC,  1968)  which  is  too  long  to  repro- 
duce here.  Descriptive  terms  for  three  sediment  yield  levels  (high,  moderate, 
low)  for  each  factor  are  used  to  select  the  numerical  value.  Summing  the 
rating  chart  values  for  the  nine  factors  defines  a  sediment  yield  rating  class- 
ification, which  in  turn  can  be  converted  to  the  average  annual  sediment  yield 
using  Table  1. 


TABLE  !•■ — Sediment  yield  classification 


Rating 


Classification 


Annual 
sediment  yield 
ac-f t/mi^ 


>  100 
75  to  100 
50  to  75 
25  to  50 

0  to  25 


1 
2 

3 
4 

5 


>  3.0 
1.0  to  3.0 
0.5  to  1.0 
0.2  to  0.5 

<  0.2 


Numerical  values  for  each  of  the  nine  factors  range  from  25  to  minus  10. 
Although  only  three  levels  are  suggested  for  general  use  in  the  rating  chart,  a 
footnote  states  that,  if  experience  so  dictates,  interpolation  between  the 
three  sediment  yield  levels  may  be  made.  Such  interpolation  was  used  in  this 
study. 


To  assist  in  interpolation  between  the  classifications  of  Table  1,  The 
data  in  Table  1  were  converted  to  equation  form.  Although  such  precision  was 
not  intended  for  the  original  method,  we  felt  that  such  a  scheme  could  provide 
additional  insight  into  the  ability  of  the  technique  to  reflect  differences  in 
the  observed  data.   The  equation  is: 
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Y  =  0.08l6e°-0353x 


(1) 


where  Y  =  annual  sediment  yield  (ac-ft/mi  ) 
e  =  natural  logarithm 
X  -  PSIAC  rating  factor 


Dendy/Bolton  Method 

Dendy  and  Bolton  (1976)  derived  sediment  yield  equations  having  widespread 
applicability  because  they  used  data  from  over  800  reservoirs  throughout  the 
United  States  to  obtain  measured  sediment  yield  values.  They  segregated  the 
data  into  areas  where  runoff  was  either  less  than  or  greater  than  2  in/yr. 


In  areas  where  runoff  is  less  than  2  in,  they  derived  the  equation: 

S  =1280  Q°-46(1.43  -  0.26  log  A) 
.2 


(2) 


where  S  =  sediment  yield  (t/mi  /yr) 
Q  =  annual  runoff  (in) 
A  =  watershed  area  (mi^). 

Because  of  widely  varying  local  factors,  the  authors  may  not  have  intended  for 
this  equation  to  be  used  for  a  specific  location.  However,  the  equation  does 
express  a  rational  relationship  for  sediment  yield  that  seems  realistic  for 
conditions  encountered  in  the  Southwest. 

To  estimate  the  average  annual  runoff  for  a  watershed,  the  relationship 
developed  by  Renard  (1977)  for  the  Walnut  Gulch  Experimental  Watershed  was 
used: 

Q  =  0.4501  A"0-1449  (3) 

where  the  terms  are  as  defined  above.   Substituting  Eq.  3  into  Eq.  2  gives 

S  =  887  A"-0667  (1.43  -  0.26  log  A)  (4) 

To  convert  the  annual  sediment  yield  to  ac-f t/mi^/yr,  the  sediment  deposited 
was  assumed  to  weighed  80  lbs/ft-1. 


Flaxman  Method 

Flaxman  (1972)  developed  a  regression  equation  for  reservoir  design  on 
rangeland  watersheds  in  the  western  United  States  relating  sediment  yield  to 
four  parameters.   His  expression  is 

log  (Y  +  100)  =  6.21301  -  2.19113  log  (Xj  +  100) 

+  0.06034  log  (X2  +  100)  -  0.01644  log  (X3  +  100) 

+  0.04250  log  (X4  +  100)  (5) 


where  Y  =  antilog  of  [log  (Y  +  100)]  -  100 

Y  =  average  annual  sediment  yield  (ac-f t/miVyr) 
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Xj  =  ratio  of  average  annual  precipitation  (in)  to  average  annual  tempera- 
ture 
X2  =  average  watershed  slope  (%) 
X3  =  soil  particles  greater  than  1.0  mm  (%) 
X4  ■  soil  aggregation  index 

The  parameters  express  climate  and  vegetative  growth  (Xj),  topography  (X2)  and 
soil  properties  (X3  and  X^)o  The  equation  explained  about  9 1%  of  the  variance 
in  average  annual  sediment  yield  from  27  watersheds  ranging  in  size  from  12  to 
54  mi^  in  10  western  states. 


Flaxman  (1974)  modified  his  original  sediment  yield  prediction  equation  by 
adding  an  additional  term  to  reflect  the  50  percent  chance  peak  discharge  in 
csm  (cubic  ft/sec/mi  ).  The  revised  equation  included  converting  the  depend- 
ent variable  sediment  yield  from  acre-ft  in  the  original  equation  to  ton/ini  . 
The  equation  is  thus  given  as 


where 


log  (Y  +  100)  =  524.37321  -  270.65625  log  (Xj  +  100) 
+  6.41730  log  (X2  +  100)  -  1.70177  log  (X3  +  100) 
+  4.03317  log  (X4  +  100)  +  0.99248  log  (X5  +  100) 

Y  =  sediment  yield  in  ton/mi^  yr, 
X5  -  the  50  percent  chance  peak  discharge,  csm  and 
X,  X2>  X3,  and  X4  are  the  same  as  defined  in  eq  (5). 


(6) 


Renard  Method 

A  method  for  estimating  sediment  yield  was  developed  by  Renard  (1972)  and 
Renard  and  Laursen  (1975).  This  method  uses  (a)  a  stochastic  runoff  model 
(Diskin  and  Lane,  1972)  which  generates  hydrographs  for  semiarid  watersheds  in 
the  southwestern  United  States,  and  (b)  a  deterministic  sediment  tansport  rela- 
tionship (Laursen,  1958).  Sediment  yield  is  then  computed  by  simulating  indi- 
vidual hydrographs  and  computing  the  sediment  transport  for  the  simulated 
hydraulic  conditions.  Annual  runoff  and  sediment  yield  is  the  sum  of  the  yield 
of  individual  runoff  events.  Thus,  sediment  yield  is  a  function  of  runoff  vol- 
ume, hydrograph  peak,  Manning's  roughness,  slope,  hydraulic  radius,  and  the 
size  distribution  of  the  sediment  in  the  streambed.  The  method  was  applied  and 
calibrated  with  sample  data  for  several  of  the  larger  watersheds  on  Walnut 
Gulch  in  southeastern  Arizona.  With  the  model,  a  simplified  relationship  was 
developed  which  relates  the  annual  sediment  yield  to  watershed  drainage  area  in 
the  form 


Y  =  0.00184b  A  ~'1187 


(7) 


where  Y  =  average  annual  sediment  yield  in  ac-ft/ac/yr 
Aa  =  drainage  area  in  acres. 

Thus,  because  of  transmission  losses  (abstractions  from  runoff  Dy  the 
alluvial  channels)  in  the  watershed,  water  yield  decreases  with  increasing 
drainage  area  (drainage  density),  and  this  same  trend  is  reflected  in  the  sedi- 
ment yield  relationship.  Conversions  are  required  to  produce  the  units  compar- 
able to  the  other  methods. 
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Additional  improvements  might  be  made  with  the  method  if,  rather  than 
using  the  general  relationship  shown  in  eq.  (7),  actual  annual  runoff  volume 
were  used  as  input  to  the  stochastic  simulation  routine  along  with  actual  bed 
material  size  distributions  in  the  channels  of  the  watersheds  used  for  the 
testing. 


MODIFIED  UNIVERSAL  SOIL  LOSS  EQUATION  (MUSLE) 


Williams  and  Berndt  (1977a)  have  recognized  that  the  erosion  estimates  of 
the  USLE  can  be  modified  to  reflect  the  transport  of  sediment  in  runoff  and 
thereby,  extend  the  use  of  this  technique  to  larger  areas.  The  Modified  Uni- 
versal Soil  Loss  Equation  is  given  as 


Y  =  11.8  (Vqp)0-56(K)(C)(P)(LS) 


(8) 


where  Y 
V 

K 

C 

P 

LS 


sediment  yield  from  the  basin  in  Mg 

the  surface  runoff  volume  for  the  basin  in  m^ 

the  peak  flow  rate  for  the  basin  in  nrVs 

soil  erodibility  factor 

cover  and  management  factor 

the  erosion  control  practice  factor 

slope  length  and  steepness  factor 


Values  of  K,  C,  P,  and  LS  may  be  input  for  each  subbasin  if  the  area  is  large 
enough  to  require  spatial  variability  quantification. 

To  provide  the  peak  flow  and  runoff  volume  estimates  required  by  MUSLE,  a 
hydrologic  model  was  used  called  SWRRB  (Williams  and  Nicks,  1980).  The  acronym 
stands  for  a  "Simulator  for  Water  Resources  in  Rural  Basins." 

The  major  processes  included  in  the  model  are  surface  runoff,  percolation, 
return  flow,  reservoir  storage,  and  sedimentation.  Surface  runoff  is  computed 
in  the  model  from  daily  rainfall  values  using  the  SCS  (1972)  curve  number  tech- 
nique. Basically,  SWRRB  uses  the  CREAMS  (Knisel,  1980)  daily  rainfall  hydrolo- 
gy option  modified  for  application  to  large,  complex  rural  basins.  The  major 
changes  involved  are  (a)  adding  a  return  flow  component,  (b)  expanding  the  mod- 
el to  allow  simultaneous  computations  on  several  subbasins,  (c)  adding  a  reser- 
voir storage  component  to  assist  in  evaluating  the  effects  of  farm  ponds  on 
water  yield,  (d)  adding  a  weather  generating  model  to  provide  for  longer  term 
simulations,  and  (e)  using  a  better  method  to  predict  peak  runoff  rate.  Al- 
though computations  for  predicting  water  and  sediment  yields  proceed  simulta- 
neously, the  hydrologic  model  provides  the  necessary  inputs  for  MUSLE  to  com- 
pute sediment  yield  on  a  daily  basis.  Details  of  the  model  structure  and  meth- 
od of  computation  are  not  included  here  because  ot  space  limitations. 


WATERSHEDS  CONSIDERED 

2  2 

The  Walnut  Gulch  Experimental  Watershed  is  a  58  mi^  (150  km^)  drainage 

in  southeastern  Arizona  operated  by  the  Science  and  Education  Administration  of 

USDA  to  evaluate  the  effect  of  land  use  and  conservation  practices  on  water  and 
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sediment  yield  of  arid  and  semiarid  rangelands.  The  watershed,  in  the  South- 
eastern Arizona  Basin  and  Range  Land  Resource  Area  (Austin,  1965),  is  typical 
of  the  intermountain  alluvial  areas  of  the  Southwest.  Elevations  range  from^ 
4200  to  6000  ft  above  mean  sea  level.  Cover  is  a  mixture  of  brush  and  grasses 
with  vegetation  basal  areas  less  than  10%.  Soils  are  typically  calcareous  with 
large  amounts  of  gravel  and  cobbles.  A  gravel  pavement  can  develop  as  the  land 
surface  erodes,  and  in  some  areas  it  represents  nearly  a  100%  cover. 

Precipitation  in  the  area,  which  averages  about  14  in/yr,  is  dominated  by 
summer  rainfall  (about  two-thirds  of  the  annual)  consisting  of  high-intensity, 
short-duration  thunderstorms  of  limited  areal  extent.  Winter  storms  are  gener- 
ally of  greater  areal  extent  and  of  low  intensity,  so  that  runoff  is  uncommon. 
The  summer  air-mass  thunderstorms  result  in  high  peak  flows  that  generally  car- 
ry high  sediment  loads. 

Within  the  watershed,  a  number  of  small  earthen  dams  (stock  ponds)  provide 
water  for  the  grazing  animals.  Topographic  surveys  of  the  pond  storage  area 
have  been  made,  periodically,  to  determine  sediment  accumulations.  The  nine 
ponds  for  which  such  information  was  available  are  shown  in  Table  2  along  with 
data  on  the  characteristics  of  the  watershed  area.  The  ponds  generally  have 
enough  storage  space  so  that  discharge  through  the  emergency  spillway  is  infre- 
quent.  Pond  223  spilled  more  often  than  the  others. 


TABLE  2 . --Charact erist ics  of  stock  tanks  at  Walnut  Gulch  and  of  the 

contributing  watersheds 


Measured  annual 

T  ank 
numbe  r 

Drainage 
area 
mi2 

Record 
length 

Soi 1    1  / 
associat  ion— 

Veget  at  ion 

sediment 
accumulat  ion 
ac-f t/mi2 

201-/ 

0=170 

1960-70 
1971-79 

Rillito-Karro 

Brush 
Grass 

0.49 
0.13 

207 

0.428 

1962-77 

Rillito-Cave- 
Tort ugas 

B  rush 

0.1  1 

208 

0.356 

1973-77 

Hathaway- 
Bernardino 

G  r  ass 

0.13 

212 

1.316 

1964-77 

Cave-Rillito- 
Laveen,  and 
Tort  ugas 

B  rush 

0.11 

213 

0.616 

1962-79 

Grah  am-House 
Mount  ain 

B  rush/Grass 

0.09 

214 

0.58  I 

1957-77 

Hat haway- 
Be  rnardino 

G  r  ass 

0.37 

215 

0.  136 

1966-77 

Hath  away- 
Nick  el 

B  rush 

0.7  0 

216 

0.325 

1962-77 

H  at  haway  - 
Bernardino 

G  r  ass 

0.51 

223 

0.  169 

1962-77 

Riilito- 
L  aveen 

B  rush 

0.30 

I/From  Gelderman  (1970). 

2  / 

—The  tank  drainage  was  root  plowed  and  reseeded  in  1971 
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RESULTS  AND  DISCUSSION 

Tables  3,  4,  and  5  summarize  Che  parameter  values  used  in  the  PSIAC, 

Flaxman,  and  SWRRB/MUSLE  methods,  respectively.   The  Dendy/Bolton  and  Renard 

methods  (Table  6)  are  simple  one-parameter  equations  and,  as  such,  are  by  far 
the  easiest  to  use. 


Table  3. --Summary  of  the  factor  values  used  to  estimate  sediment  yield  with  the 
Pacific  Southwest  Interagency  Committee  method  (Renard,  1980) 


■X' 

Computed  annual 

Tank 

Fac 

tor 

values 

sediment  yield 

number 

A 

5 

c 

D 

E 

F 

G 

H 

I 

Total 

ac-f t /mi  2 

201* 

5 

5 
5 

8 
8 

2 
1 

1 

1 

-5 

0 

0 
-10 

10 
5 

10 
10 

36 
25 

0.29 
0.19 

207 

2 

2 

8 

2 

8 

-8 

-  5 

10 

5 

24 

0.18 

208 

5 

3 

8 

2 

1 

-5 

2 

5 

0 

21 

0.16 

212 

3 

5 

8 

1 

1 

0 

0 

10 

10 

38 

0.30 

213 

2 

2 

8 

2 

5 

-5 

0 

5 

5 

24 

0.  18 

214 

5 

5 

8 

2 

2 

0 

2 

5 

15 

44 

0.38 

215 

5 

3 

8 

2 

1 

-2 

0 

15 

15 

47 

0.42 

216 

5 

5 

8 

1 

2 

0 

0 

10 

5 

36 

0.28 

223 

5 

2 

8 

2 

0 

-5 

-5 

10 

20 

37 

0.29 

—  The  factors  are  defined  on  p.  2  of  the  text. 

—  Some  interpolation  between  the  three  yield  levels  defined  in  the  manual 
was  used. 


Table 

4 . --Predict  ion  o 

f  sediment 
F  laxman 

yield 
methods 

from 
(eq. 

wal 
5 

:ersheds 
and  6 ) 

at  Walnut  C 

lu 

let 

i  using 

Tank 

Factor 

values 

1/ 

Annual  sedimi 
ac-ft/i 

Y 

(eq.  5) 

jnt  yield 
ni2 

number 

i 

ai 

X2 

X3 

X4 

X5 

Y 
(eq.  6) 

I 

201 

0.192 

5.3 

72 

0 

226 

-0.180 

0.16 

207 

0.206 

6.9 

55 

0 

117 

0.049 

0.12 

208 

0.179 

8.6 

47 

0 

115 

0.313 

0.17 

212 

0.206 

5.8 

41 

0 

94 

0.142 

0.12 

213 

0.206 

1  1  .0 

46 

0 

77 

0.375 

0.15 

J            214 

0.216 

8.6 

52 

0 

188 

0.  154 

0.21 

215 

0.216 

8.7 

44 

0 

274 

0.249 

0.32 

216 

0.216 

12.0 

52 

0 

152 

0.341 

0.23 

223 

j 

0.206 

9.4 

65 

0 

289 

0.085 

0.28 

1/, 


—  Factor  values  are  defined  on  p 

— Average  temperature  at  Tombstone  is  63.1  F. 
based  on  elevation  differences  between  the  Tombstone 
pond  (3°  F  increase  per  1000  ft  elevation  decrease). 


5  for  use  in  Eq.  5  and  6. 

Some  adjustment  was  made 


weather  station  and  the 
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Table  5. --Summary  of  the  parameter  values  used  in  SWRRB/MUSLE  for  the  Walnut 

Gulch  watersheds 


Tank 
numbe  r 

T.C.I/ 

Root    zone 
depth 

CN^/ 

K±' 

LSV 

c>/ 

(hr) 

(in) 

201 

.350 

15.98 

88.  13 

0.2 

0.90 

.08/oOI5 

207 

.421 

15.98 

87.  19 

0.  I 

0.98 

.026 

208 

.407 

20.08 

87.45 

0.234 

0.99 

.033 

2  12 

.528 

15.98 

83.97 

0.399 

0.74 

.026 

2  13 

.454 

20.94 

86.51 

0.455 

2.89 

.026 

214 

.449 

20.08 

86.63 

0.  1 

1  .63 

.040 

2  15 

.335 

20.08 

88.25 

0.234 

1  .5i 

.027 

2  16 

.339 

20.08 

87.57 

0.234 

I  .94 

.030 

223 

.350 

15.98 

88.  13 

0.  1 

1.83 

.040 

1  /  2  2 

—  T.C.  =  time  of  concentration.   T.C.  =  .5A    where  A  =  area  in  mi  . 

2/ 

—  CNT  =  from  regression.   CNT  =  88.75  -  .00568A  where  A  =  area  in  acres. 

3/ 

—  K  =  soil  erodibility  factors  from  the  USLE  nomograph  (Wischmeier  and 

Smith,  1978). 

4/ 

—  LS  =  measured  from  topographic  maps  using  Williams  and  Berndt  (  1 9  7  7b  ) 

method. 

—  C  =   USLE  cover/management  factor  from  field  measurements;  erosion  pave- 
ment was  included  in  this  factor. 


In  developing  the  estimates  of  sediment  yield  with  the  Flaxman  (1974) 
method  given  in  eq.  (6),  the  50  percent  chance  peak  flow  was  determined  by 
taking  the  maximum  annual  runoff  volume  recorded  for  each  stock  pond  for  which 
data  were  available.  The  50  percent  chance  volume  was  read  from  the  annual 
flood  series  using  a  log-nornal  probability  distribution.  The  value  was  then 
converted  to  CSM  using  the  volume/peak  flow  equation  given  in  the  SCS  NEH-4 
(1972)  as  follows: 


X5  = 


640 


484  AQ 


D/2  +  0.6  L 


b40 


(9) 


where: 


<*P 

A 

Aa 
Q 
D 

T„ 


peak  discharge, 

drainage  area  (mi  )  , 

drainage  area  (acres), 

two  year  frequency  runoff  volume  (in), 

storm  duration  (assumed  =  1  hr),  and 

time  of  concentration  (hr). 


Although  the  data  are  not  shown,  an  independent  method  was  also  used  to 
estimate  parameter  X5  using  NOAA  Atlas  II  estimates  of  the  2-yr  frequency 
1-hr  precipitation  depth  with  an  estimate  of  the  watershed  curve  number  and  the 
widely  used  curve  number  equation  of  SCS: 
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Q  = 


(P-0.2S) 

P  +  0.8S 


(10) 


where:  P 
S 


S  = 


2-yr  frequency  1-hr  duration  precipitation  (in), 
potential  maximum  watershed  retention  (in), 
1000 


CN 


-10 


Estimates  of  curve  numbers  (CN's)  for  the  watersheds  involved  were  the 
same  values  used  in  the  SWRRB/MUSLE  method.  The  correlation  between  observed 
and  predicted,  using  NOAA  Atlas  II  precipitation  estimates,  was  (r^  =  0.077) 
poorer  than  that  obtained  with  the  log-normal  frequency  distribution  for  obser- 
ved data.  It  is,  however,  the  method  recommended  by  Flaxman  (1974)  when  data 
for  a  specific  watershed  are  not  available.  The  improvement  of  the  estimated 
sediment  yield  is  dramatic  with  the  addition  of  the  additional  parameter. 
Estimated  sediment  yield  in  the  absence  of  observed  runoff  data  tended  to  over- 
predict  at  low  sediment  yields  and  underpredict  at  higher  yields,  as  was  obser- 
ved for  all  methods. 

As  can  be  seen  from  the  summary,  Table  6,  the  PSIAC  method  generally 
agreed  most  closely  with  the  measured  data.  The  PSIAC  and  MUSLE  methods 
enabled  prediction  of  the  change  in  sediment  yield  with  changes  in  cover  after 
the  treatment  of  tank.  201  in  1970-71.  Several  individual  watershed  estimates 
agree  quite  well  with  the  observed  data. 


Table  6. --Measured  and  predicted  annual  sediment  yield  (ac-ft/mi^)  for  select 
semiarid  rangeland  watersheds  (modified  from  Renard,  1980) 


T  ank 

Measured 
yield 

Pred  ic 

ted  yield 

number 

PSIAC 

Dendy /Bolton 

Fl 

1/ 
axman— 

Renard 

SWRRB/MUSLE 

201* 

(Cq.  5) 

(Eq.6) 

0.49 
0.13 

0.29 
0.19 

0.83 

-0.  180 

0.  16 

0.68 

0.25 
0.05 

207 

0.11 

0.  18 

0.73 

0.049 

0.12 

0.61 

0.05 

208 

0.13 

0.16 

0.75 

0.313 

0.17 

0.62 

0.08 

212 

0.11 

0.30 

0.62 

0.142 

0.12 

0.53 

0.08 

213 

0.09 

0.18 

0.69 

0.375 

0.15 

0.58 

0.80 

214 

0.37 

0.38 

0.70 

0.154 

0.21 

0.5  9 

0.11 

215 

0.70 

0.42 

0.85 

0.249 

0.32 

0.69 

0.21 

216 

0.51 

0.28 

0.76 

0.341 

0.23 

0.63  • 

0.43 

223 

0.30 

0.29 

0.83 

0.085 

0.28 

0.68 

0.15 

—  Flaxman  method  includes  both  eq .  5  and  6  estimates. 

2/ 

—  The     B     and     G     refer     to     brush     and     grass     cover     associated     with     the     1971 

treatment    of    the    watershed. 
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The  values  assigned  to  the  nine  PSIAC  factors  were  made  using  some  inter- 
polation between  the  three  yield  levels  defined  in  the  manual.  We  felt  that 
such  interpolation  was  warranted  by  our  detailed  knowledge  of  the  watershed  and 
familiarity  with  the  method  (the  senior  author  was  a  member  of  the  committee 
which  developed  the  method). 

The  Flaxman  (1972)  method,  surprisingly,  was  no  better  than  those  of  the 
other  methods,  even  though  the  Flaxman  method  was  developed  specifically  for 


conditions  in  the  western  United  States. 


Like  the  PSIAC  method ,  it  has  no 


direct  terra  reflecting  watershed  area.  When  the  additional  parameter  is  used 
to  reflect  the  2-yr  frequency  annual  peak  discharge,  the  results  improvee  The 
results  of  the  prediction  also  improved  dramatically  when  the  actual  flood  ser- 
ies was  used  to  estimate  the  parameter  rather  than  using  the  simple  estimate  of 
precipitation  and  converting  that  value  to  a  peak  flow. 

The  Dendy/Bolton  method  overestimated  sediment  yield  in  all  cases.  The 
predictions  might  have  improved  slightly  if  actual  runoff  data  had  been  used  to 
replace  the  relationship  of  eq.  3.  Thus,  an  improvement  like  that  obtained 
with  the  Flaxman  (1974)  method  might  be  expected. 

The  Renard  method  also  overestimated  the  sediment  yield  in  all  but  one 
case.  Predictions  might  improve  if  the  technique  were  used  to  simulate  the 
sediment  yield  using  channel  characteristics  and  observed  runoff  for  each  indi- 
vidual watershed,  rather  than  the  average  conditions  with  which  the  model  was 
calibrated,  and  then  simplified  to  the  form  shown  in  eq.  7.  For  example,  some 
of  the  ponds  had  grass  swales;  in  other  locations,  the  channels  are  more  rec- 
tangular and  contain  large  amounts  of  sand  which  more  nearly  duplicate  the  con- 
ditions of  the  large  watersheds.  Thus,  sediment  accumulation  in  tanks  with 
sand  channels  (208,  214,  216,  and  223)  would  be  expected  to  be  closer  to  the 
predicted,  as  observed  on  all  but  tank  208.  If  such  a  scheme  were  used,  it 
would  be  somewhat  analogous  in  detail  to  the  SWRRB/MUSLE  technique. 

The  SWRRB/MUSLE  method  is  considerably  more  complex  and,  thus,  requires 
more  input  data  than  the  other  methods.  However,  its  results  were  not  signifi- 
cantly closer  to  the  measured  values  than  those  of  the  other  methods.  Intui- 
tively, we  think  the  problem  is  not  with  the  MUSLE  part  of  the  scheme  but, 
rather,  is  associated  with  the  inadequacy  of  the  SCS  curve  number  hydrology 
option  used  to  produce  runoff  peaks  and  volumes  commensurate  with  the  observed 
values.  Previous  work  by  Simanton  et  al.  (1973),  Hawkins  (1978a  and  1978b), 
and  others,  has  illustrated  problems  with  using  the  CN  precipitation/runoff 
relationship. 

SENSITIVITY  OF  PREDICTED  SEDIMENT  YIELD  TO  CURVE  NUMBER  IN  SWRRB/MUSLE 

Since  most  summer  runoff  events  in  the  Basin  and  Range  Province  occur 
under  antecedent  moisture  condition  (AMC)  I,  SWRRB  was  modified  for  the  purpose 
of  this  paper  to  accept  CN  I  directly  as  input  instead  of  requiring  calcula- 
tions from  CN  II  as  the  program  was  originally  written.  Input  values  for  CN  I 
were  calculated  from  the  SCS  curve  number  equation  using  observed  rainfall-run- 
off data  for  Walnut  Gulch  and  solving  for  the  optimum  CN.  To  test  the  sensiti- 
vity of  predicted  sediment  yield  to  curve  number,  the  calculated  CN  values  were 
varied  +  2  and  +  10.   The  results  are  similar  for  each  of  the  tanks  studied. 
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As  shown  in  Fig.  1,  predicted  sediment  yield  (with  the  exception  of  CN  + 
10)  changes  very  little,  with  variations  within  the  range  of  values  of  curve 
number  typical  for  Walnut  Gulch. 


SEDIMENT  YIELD  (AC-FT/Ml*) 
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Figure  1. — Sensitivity  of  runoff  and  sediment  yield 
to  varying  curve  number. 


I 


No  sensitivity  analysis  of  sediment  yield  to  the  USLE  factors  (KLSCP)  in 
MUSLE  was  done  since  these  factors  are  linearly  related  to  sediment  yield  and, 
unlike  the  runoff  factor,  remain  constant  for  the  period  of  simulation.  How- 
ever, there  is  a  high  potential  for  error  inherent  in  MUSLE  due  to  the  diffi- 
culty of  evaluating  factors  like  "C"  and  "K"  for  a  semiarid  rangeland  environ- 
ment. 


139 


The  simulated  versus  observed  sediment  yield  data  for  the  nine  small  water- 
sheds on  Walnut  Gulch  are  summarized  in  Fig.  2.   Also  shown  are  regression  lines 
and  coefficients  of  determination,  r  ,  for  each  method.   The  results  are  dis- 
couraging.  They  illustrate  that  considerable  improvement  is  needed  in  the  tech- 
nology of  estimating  sediment  yield.   The  low  r2  values,  in  most  instances, 
result  from  one  data  point.   For  example,  the  r2  for  the  MUSLE  prediction 
improves  to  0.55  by  eliminating  the  prediction  on  pond  213.   From  a  statistical 
viewpoint,  the  PSIAC  method  is  the  best  of  the  six  methods. 
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Figure  2. — Correlations  of  observed  and  predicted  sediment 
yield  for  the  six  prediction  relationships  tested. 


REPRESENTATIVENESS  OF  SHORT  RECORDS 

When  relatively  short  records  are  used  in  developing  and  testing  predic- 
tion schemes,  such  as  the  sediment  yield  methods  tested  herein,  one  immediately 
wonders  whether  the  sample  includes  all  extremes  of  the  climate  and  if  the 
short-terra  mean  value  and  standard  deviation  are  the  same  as  that  for  a  long- 
term  record.  In  the  southwestern  United  States,  the  coefficient  of  variation 
of  annual  precipitation  is  maximum  for  any  of  the  locations  considered  by  Hersh- 
field  (1962).   Knisel  et  al.  (1979)  investigated  methods  to  evaluate  the  length 
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of  record  necessary  for  water  resource  data  collection.  One  of  the  methods 
investigated  involved  a  cumulative  surplus/deficit  analysis  of  the  annual  pre- 
cipitation. The  surplus/deficit  analysis  depicts  trends  that  may  otherwise  be 
obscure  and  is  obtained  by  cumulating  departures  from  a  long-term  mean. 

Figure  3  illustrates  the  long-term  annual  rainfall  amounts  and  cumulative 
surplus/deficit  from  the  13.66-in  mean  for  the  raingage  at  Tombstone,  within 
the  Walnut  Gulch  Experimental  Watershed.  In  only  1  yr  was  rainfall  above  the 
long-term  mean  for  the  period  used  in  the  sediment  yield  evaluation.  The  nega- 
tive slope  to  the  surplus/deficit  graph  for  the  period  since  1957  illustrates 
the  general  dry  trend  during  the  study  period.  Since  1957,  rainfall  has  been 
about  8%  below  normal.  Thus,  the  vegetation  cover  would  be  expected  to  be 
poorer  than  that  for  a  wetter  period,  and  runoff  which  transports  the  eroded 
material  might  be  less  than  the  long-term  mean. 


Figure  3. — Annual  precipitation  and  cumulative  surplus/ 
deficit  for  Tombstone,  Arizona  (Knisel  et  al.  ,  11). 


The  importance  of  an  unusual  storm  in  affecting  long-terra  sediment  yield 
trends  has  been  well  documented.  Thus,  it  is  entirely  possible  that  some  of 
the  observed  yields  are  low  because  of  low  precipitation/runoff  or  even  the 
absence  of  more  infrequent  events.  Stock  tanks  214,  215,  and  216,  on  the  other 
hand,  have  had  some  large  storms  during  their  short  records  (Osborn  and  Renard, 
1969),  which  may  partly  explain  why  the  observed  yields  for  these  ponds  are 
larger  and  somewhat  closer  for  the  predicted  values. 
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CONCLUSIONS 

1.  Predicting  sediment  yield  in  the  western  United  States,  despite  recent 
developments  in  water  resource  models,  is  difficult  and  often  subjective.  The 
wide  variations  in  watershed  characteristics  over  short  distances  add  to  the 
problem. 

2.  Of  the  methods  investigated,  the  PSIAC  method  appears  to  give  the  best 
results  for  the  amount  of  work  required  to  make  the  estimate.  The  SWRRB/MUSLE 
method  also  gave  good  results  (except  for  pond  213),  but  the  amount  of  work 
required  for  the  hydrologic  portion  of  the  model  is  considerable.  Certainly, 
it  is  potentially  a  powerful  tool  for  evaluating  management  practices. 

3.  Only  the  PSIAC  and  the  SWRRB/MUSLE  methods  allow  the  use  of  factors 
(parameters)  that  reflect  management  practices.  The  Renard  method  also  could 
be  used  to  reflect  management  practices  if  the  stochastic  runoff  model  and  the 
sediment  transport  relationship  were  used  directly  rather  than  as  simplified 
with  eq.  7. 

4.  The  Flaxman  method,  as  modified  in  1974,  illustrates  some  of  the 
improvement  which  can  be  obtained  by  inclusion  of  an  additional  term  to  reflect 
the  2-yr  frequency  peak  flow.  Estimating  the  peak  flow  with  actual  records 
also  improved  the  correlation  between  observed  and  predicted  sediment  yields 
over  converting  the  2-yr  precipitation  frequency  estimate  using  a  rainfall-run- 
off relationship. 

5.  The  methods  tested  generally  underpredicted  sediment  yield.  The 
underprediction  may,  in  part,  be  associated  with  the  questionable  representa- 
tiveness of  the  climatic  sample  for  the  period  of  observation.  Records  at  all 
but  three  of  the  watersheds  were  known  to  be  lower  than  normal  in  precipita- 
tion/runoff, and  thus,  those  results  are  undoubtedly  below  what  might  be  consi- 
dered the  mean  annual  sediment  yield. 
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PROCEDURE  FOR  DEVELOPING  SEDIMENT  STORAGE  REQUIREMENTS  FOR  RESERVOIRS 

GENERAL 

To  assure  the  full  effectiveness  of  a  reservoir,  capacity  must  be  pro- 
vided in  it  to  offset  the  depletion  of  capacity  due  to  sediment  accu- 
mulation during  its  design  life.  Engineering  Memorandum^','  (Rev), 
Supplement  1,  establishes  the  criteria  and  general  procedures  needed 
to  determine  the  required  volume  of  sediment  accumulation  and  its 
allocation  above  and  below  the  crest  elevation  of  the  principle  spill- 
way. Form  SCS-309  (Rev.  IO-67),  Reservoir  Sedimentation  Design  Summary, 
has  been  prepared  to  facilitate  recording  and  computation  of  the  data. 
This  form,  figure  1,  should  be  completed,  by  a  geologist  familiar  with 
the  processes  of  sedimentation.  When  the  form  is  properly  filled  out, 
the  design  criteria  set  forth  in  Engineering  Memorandum-27  (Rev), 
Supplement  1,  will  be  met.  A  copy  of  the  form  should  be  prepared  and 
filed  with  other  pertinent  design  information  for  each  reservoir.  The 
recorded  data  then  will  be  available  for  use  in  the  final  design  of 
reservoirs  proposed  for  either  watershed  or  other  program  work  plans. 

Engineering  Memorandum-27  (Rev),  Supplement  1,  states:  "The  rate  of 
sediment  accumulation  in  a  reservoir  is  dependent  on  the  sediment 
yield  from  its  drainage  area  . ..."  This  infers  that  the  sediment 
yield,  as  such,  must  be  determined  for  each  reservoir  that  is  being 
designed.   It  does  not,  however,  preclude  the  use  of  available  infor- 
mation concerning  rates  of  sediment  accumulation  in  reservoirs. 

The  following  discussion  considers  the  principles  and  procedures 
involved  in  the  sediment  design  of  reservoirs  encountered  in  Service 
work.  Examples  to  indicate  the  proper  completion  of  Form  SCS-309 
(Rev.  IO-67)  are  presented  for  several  types  of  reservoirs.  Methods 
and  procedures  referred  to  but  not  included  in  this  Technical  Release 
are  to  conform  with  National  procedures  or  with  procedures  approved  by 
the  Engineering  and  Watershed  Planning  Units. 

SEDIMENT  YIELDS 

There  are  several  ways  to  determine  sediemnt  yields  or  rates  of  sedi- 
ment accumulation  in  reservoirs  and  these  are  discussed  briefly  below. 

Gross  Erosion  and  Sediment  Delivery  Ratios 

This  means  of  determining  sediment  yields  has  proven  quite  successful 
in  Service  work  especially  in  the  more  humid  areas  of  the  country.   It 
is  well  adapted  for  estimating  current  sediment  yields  and  predicting 
the  influence  and  effect  of  land  treatment  and  other  measures  on  future 
sediment  yields.  The  following  simple  equation  is  employed  and  the 
sediment  yield  part  of  Form  SCS-309  (Rev.  10-67)  has  been  designed  with 
this  equation  in  mind. 

Y  =  E(DR)  (Equation  l) 
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Figure  1.   Reservoir  Sedimentation  Design  Summary 


where:      Y  =  Sediment  Yield  (tons /unit  area/year) 

E  ■  Gross  Erosion  (tons/per  unit  area/year) 
DR  =  Sediment  Delivery  Ratio  (DR  less  than  l) 

The  gross  or  total  erosion  in  the  drainage  area  of  a  reservoir  is  the 
summation  of  all  erosion  occurring  in  the  drainage  area.  It  includes 
sheet  and  rill  erosion  and  channel-type  erosion  (gullies,  valley 
trenches,  streambank  erosion,  etc.).  The  determination  of  quantitative 
values  for  each  type  of  erosion  is  outlined  in  existing  guides,  hand- 
books, and  technical  releases.   The  sediment  delivery  ratio,  the  ratio 
of  sediment  yield  to  gross  erosion,  is  estimated  from  relationships 
discussed  in  various  guides  and  references.  The  product  of  the  gross 
erosion  and  the  sediment  delivery  ratio  provides  the  sediment  yield 
for  use  in  computing  the  sediment  design  requirements. 

Reservoir  Sedimentation  Surveys 

Reservoir  sedimentation  surveys  are  excellent  sources  of  data  for 
establishing  sediment  yields  to  reservoirs.  Reservoir  deposition  and 
sediment  yield  are  not  synonymous.  To  obtain  the  sediment  yield  to  a 
surveyed  reservoir,  the  measured  rate  of  deposition  in  that  reservoir 
must  be  divided  by  its  estimated  trap  efficiency.  This  takes  into 
account  that  portion  of  the  sediment  inflow  that  is  not  deposited  in  the 
reservoir  but  passes  on  through  the  outlet  works.  The  use  alone  of  the 
rate  of  deposition  established  by  a  sedimentation  survey  implies  that 
the  trap  efficiency  of  the  reservoir  being  designed  is  the  same  as 
that  of  the  surveyed  reservoir,  and  this'  is  not  necessarily  the  case. 

If  the  results  of  reservoir  sedimentation  surveys  are  available ,  they 
may  be  used  for  design  purposes.  Miscellaneous  Publication  No.  96h±- 
provides  the  data  obtained  from  many  reservoir  surveys ,  and  information 
concerning  rates  of  deposition  in  selected  reservoirs  representing  the 
area  under  consideration  may  be  obtained  from  this  publication.   If  no 
reservoirs  representing  the  area  have  been  surveyed,  it  could  well 
prove  profitable  to  conduct  sedimentation  surveys  on  selected  reser- 
voirs existing  in  the  area.   It  is  important  that  the  period  of  sedimen- 
tation record  of  reservoirs  previously  surveyed  or  contemplated  for 
survey  be  long  enough  to  insure  data  that  will  represent  the  normal 
or  average  conditions. 

The  drainage  areas  of  any  reservoirs  on  which  sedimentation  surveys 
have  been  or  are  made  for  specific  sediment  design  needs  must  be  simi- 
lar in  topography,  soils,  and  land  use  to  that  for  which  the  informa- 
tion is  desired.   In  addition,  the  size  of  the  drainage  areas  of  the 
surveyed  reservoirs,  should  not  be  less  than  one-half  nor  more  than 


1/  Summary  of  Reservoir  Sediment  Deposition  Surveys  Made  in  the  United 
States  Through  I960;  Agricultural  Research  Service  in  cooperation 
with  Subcommittee  on  Sedimentation,  Inter-Agency  Committee  on  Water 
Resources;  Miscellaneous  Publication  No.  96U,  U.S.  Department  of 
Agriculture,  Washington,  D.  C. ,  May  196U. 


twice  that  of  the  particular  structures  being  designed  if  the  measured 
data  is  to  be  transposed.  Within  these  limitations,  the  total  annual 
sediment  yield  may  be  adjusted  for  design  use  on  the  basis  of  the  ratio 
of  the  drainage  areas  raised  to  the  0.8  power  in  the  following  manner: 

Se  s   Sm  (-p")  °«8  (Equation  2) 

where :     Se  s  sediment  yield  to  structure  being  designed,  in  tons 

per  year 
Sm  =  sediment  yield  to  the  surveyed  reservoir,  in  tons  per 

year:  measured  annual  deposition  t  trap  efficiency 

of  surveyed  reservoir 
Ae  =  drainage  area  of  reservoir  being  designed 
Am  =  drainage  area  of  surveyed  reservoir 

In  consistently  mountainous  areas,  such  as  the  Sierra  Nevada,  there  is 
no  indicated  difference  in  sediment  yield  per  unit  area  due  to  size  of 
drainage  area.  Also,  where  active  channel-type  erosion  increases  down- 
stream as  from  mainstem  channel  bank  cutting,  the  sediment  yield  per 
unit  area  may  increase  with  increasing  drainage  area.  Therefore,  the 
relationship  must  be  used  with  judgment  and  should  be  confined  generally 
to  the  humid  areas  east  of  the  Rocky  Mountains. 

Suspended  Load  Records 

Rarely  is  there  time  available  to  establish  a  suspended  load  station 
at  a  proposed  site  and  obtain  sufficient  data  before  the  design  infor- 
mation is  required.  However,  if  suspended  load  records  are  available 
from  nearby  locations  that  represent  the  areas  for  which  the  information 
is  required,  such  data  may  be  used  similarly  to  that  obtained  by  reser- 
voir sedimentation  surveys.   In  the  instance  of  suspended  load  data, 
the  bedload  portion  of  the  sediment  yield  is  not  measured,  and  esti- 
mates of  this  part  of  the  sediment  load  must  be  made.   It  can  vary 
from  practically  none  to  15-20  percent  or  more  of  the  total  load 
depending  upon  the  type  of  sediment  that  is  available  for  transport  by 
the  stream. 

Direct  Predictive  Equations 

Predictive  equations  based  on  watershed  and  reservoir  parameters  have 
been  developed  in  some  areas  to  estimate  sediment  yield  or  reservoir 
sediment  accumulation.   These  equations  generally  express  sediment 
yield  or  reservoir  sediment  accumulation  as  functions  of  a  combination 
of  several  measurable,  independent  variables.  The  variables  may  be 
reservoir  capacity /watershed  ratio,  annual  runoff,  size  of  drainage 
area,  reservoir  shape,  watershed  shape,  tine,  and  others., 

Such  equations  are  not  numerous  but,  where  developed,  they  may  be  used 
with  the  understanding  that  their  application  must  be  confined  to  the 
specific  area  they  represent. 
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SEDIMENT  DEPOSITION 

Sediment  accumulation  in  a  reservoir  is  dependent  on  the  sediment  yield 
from  its  watershed,  the  trap  efficiency,  and  age  of  the  reservoir. 
How  the  accumulated  sediment  will  be  distributed  within  the  reservoir 
basin  depends  upon  the  character  of  the  inflowing  sediment ,  the  opera- 
tion of  the  reservoir,  and  other  factors. 

Trap  Efficiency 

Trap  efficiency  is  the  amount  (in  percent)  of  the  sediment  delivered 
to  the  site  that  will  remain  in  the  reservoir.   It  is  a  function  of 
detention  storage  time,  character  of  the  sediment,  nature  and  character 
of  inflow,  and  other  factors.   The  trap  efficiency  is  readily  estimated 
on  the  basis  of  the  ratio  of  the  capacity  of  the  reservoir  to  the 
average  annual  inflow^/— '  using  the  following  procedure. 

A.  Estimate  the  total  required  capacity  of  the  reservoir  in  inches. 

This  includes  the  total  capacity  allocated  to  floodwater  detention, 
sediment  storage,  and  other  uses.   Since  an  actual  value  for  the 
total  capacity  cannot  be  obtained  until  final  design  is  completed, 
an  approximation  of  the  total  capacity  is  made  as  follows . 

1.  Assume,  for  the  physiographic  area  involved,  a  reasonable  and 
realistic  volume  of  sediment  storage  that  might  be  required 
for  the  effective  life  of  the  structure.  For  example,  1.5 
inches . 

2.  Obtain  from  the  hydrologist  an  estimate  of  the  required  flood- 
water  detention  storage.  For  example,  U.5  inches. 

3.  The  sum  of  1  and  2  is  the  estimated  total  capacity  of  the 
reservoir.  That  is,  1.5  +  ^.5  -   6.0  inches.   If  there  is 
additional  storage  such  as  storage  for  water  supply,  recreation, 
etc.,  it  must  be  included  in  the  estimated  total.   If  an  esti- 
mate of  the  total  required  storage  is  available  in  terms  of 
acre-feet,  it  is  suggested  that  this  value  be  converted  to 
watershed  inches  to  simplify  the  calculation. 


B.  Determine  the  average  annual  runoff,  in  inches.  This  value  may  be 
from  the  hydrologic  analysis  . of  the  watershed,  from  Hydrologic 
Investigation,  Atlas  HA-212ii  ,  or  other  available  information. 


2/  Brune,  Gunnar  M. ,  Trap  Efficiency  of  Reservoirs,  Trans.  AGU,  Vol. 
3**,  No.  3,  pp.  UOT-J+lS,  June  1953. 

3/  Gottschalk,  L.  C. ,  Trap  Efficiency  of  Small  Floodwater-Retarding 
Structures,  Conference  Preprint  lU7,  ASCE  Water  Resources  Engine- 
ering Conference,  Mobile,  Alabama,  March  8-12,  19^5 . 

kj  Busby,  Mark  W. ,  Annual  Runoff  in  the  Conterminous  United  States, 
Hydrologic  Investigations,  Atlas  HA-212,  U.S.  Geological  Survey, 
Washington,  D.  C. ,  i960. 
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For  purposes  of  this  illustration,  it  is  estimated  to  be  17*5 
inches. 

C.  Divide  the  approximate  total  capacity,  in  inches,  item  A- 3  above, 
by  the  average  annual  runoff  in  inches ,  item  B  above ,  to  obtain  the 
capacity-inflow  (C/l)  ratio.  That  is,  6.0  *  17 . 5  ■  0.3^3  C/I  ratio, 

D.  Using  the  curves  in  figure  29  the  trap  efficiency  for  a  given  C/I 
ratio  in  percent  is  determined  on  the  vertical  axis  of  the  graph,, 
Where  incoming  sediment  is  assumed  to  have  an  abnormal  grain-size 
distribution  such  as  a  predominance  of  bedload  or  coarse  material 
or  the  sediment  is  highly  flocculated,  the  upper  curve  of  figure  2 
should  be  used  to  determine  the  trap  efficiency.   If  the  incoming 
sediment  is  composed  primarily  of  colloids ,  dispersed  clays  and 
fine  silts ,  the  lower  curve  should  be  used.  The  median  curve  is 
representative  of  incoming  sediment  consisting  of  a  normal  distri- 
bution of  various  grain  sizes.  The  texture  of  the  sediment  should 
be  estimated  on  the  basis  of  character  of  watershed  soils  and  the 
principal  sources  of  sediment.  This  estimate  will  provide  a  basis 
for  selecting  the  curve  in  figure  2  to  use  in  determining  the  trap 
efficiency  and  will  also  have  a  bearing  on  the  distribution  and 
allocation  of  the  sediment  in  various  pools. 

The  curves  of  figure  2  are  not  applicable  to  dry  reservoirs  without 
adjustment.  Where  water  flows  through  ungated  outlets  below  the 
crest  of  the  principal  spillway ,  trap  efficiency  may  be  greatly 
reduced  depending  on  the  size  and  number  of  such  outlets .  If  the 
inflowing  sediment  is  predominantly  sand,  trap  efficiency  should 
be  reduced  by  about  10  percent;  if  it  is  chiefly  fine  textured, 
about  20  percent. 

If  it  is  determined  that  the  incoming  sediment  is  composed  essen- 
tially of  equal  parts  of  clay,  silt,  and  fine  sand  and  the  proposed 
structure  will  have  a  submerged  sediment  pool,  the  median  curve  of 
figure  2  would  be  used  without  adjustment.  In  this  instance,  with 
a  C/I  ratio  of  0.3^3,  the  trap  efficiency  would  be  95  percent.  In 
a  similar  situation  except  that  the  structure  is  designed  as  a  dry 
reservoir,  the  trap  efficiency  would  be  75  percent. 

Design  Life 

The  design  life  of  a  reservoir  is  considered  equal  to  the  period 
required  for  the  reservoir  to  fulfill  its  intended  purpose  or  purposes. 
Structures  designed  by  the  SCS  in  the  Watershed  Protection  and  Flood 
Prevention  programs  are  normally  designed  for  a  design  life  of  50  or 
100  years.  No  matter  what  length  of  time  is  involved  for  a  particular 
reservoir,  provisions  must  be  made  to  accomodate  the  expected  sediment 
deposition  during  the  same  period.  This  might  involve  periodic  clean- 
out  of  deposited  sediment  at  predetermined  intervals  during  the  design 
life  or,  as  is  generally  the  case,  capacity  is  provided  to  store  all 
of  the  expected  sediment  accumulation  for  the  entire. design  life. 

There  are  certain  restrictions  placed  on  the  volume  of  water  that  may 
occupy,  until  displaced  by  sediment,  the  sediment  pool  of  a  single- 
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purpose  floodwater  retarding  structure  built  with  Federal  funds.  To 
meet  these  restrictions  the  design  life  of  such  a  structure  proposed 
for  a  100-year  life  must  he  considered  in  two  50-year  periods.   In 
addition,  the  early  part  of  the  design  life  of  any  reservoir  must  be 
considered  in  terms  of  the  anticipated  number  of  years  that  will  be 
required  for  proposed  land  treatment  (conservation)  measures  to  be 
installed,  established,  and  fully  effective  in  reducing  erosion  and 
sediment  yield.  This  period,  termed  "Present  Conditions,"  must  be 
determined  in  consultation  with  the  State  Program  Staff,  Area  and  Work 
Unit  Conservationists .   Land  treatment  measures  seldom  become  fully 
effective  in  less  than  5  years.   Often  longer  periods  are  required,  and 
this  delay  in  effectiveness  must  be  recognized. 

Distribution  of  Sediment 

The  purpose  of  sediment  storage  in  a  reservoir  is  to  provide  space  for 
deposited  sediment  and  to  prevent  the  encroachment  of  sediment  in 
required  retarding  or  storage  capacities.   Consequently,  an  estimate 
must  be  made  of  the  amount  of  sediment  which  will  be  deposited  outside 
of  the  sediment  pool  because  such  deposits  may  materially  affect  the 
proper  functioning  of  the  structure. 

The  portion  of  the  incoming  sediment  that  will  deposit  above  the  eleva- 
tion of  the  principal  spillway  will  vary  with  the  nature  of  the  sedi- 
ment, shape  of  the  reservoir,  topography  of  the  reservoir  floor,  nature 
of  the  approach  channel,  detention  time,  and  purpose  of  the  reservoir. 
The  coarser  fractions  of  the  sediment  inflow  will  settle  as  the  velo- 
city of  the  transporting  medium  decreases.   Generally,  the  periods  of 
greatest  sediment  inflow  occur  at  the  time  detention  capacity  is  being 
used,  thus  deposition  of  sediment  will  occur  at  elevations  above  the 
principal  spillway.  Usually,  a  larger  part  of  the  sediment  inflow  will 
deposit  above  this  elevation  if  a  large  part  of  it  is  composed  of  coarse 
material.  The  texture  of  the  incoming  sediment  provides  the  basis  for 
estimating  the  portion  that  will  deposit  above  the  elevation  of  the 
principal  spillway  for  different  sediment  inflow  characteristics.  The 
following  guidelines  should  be  considered  in  making  these  estimates: 

1.  Watersheds  of  low  to  moderate  relief  where  the  predominant 
sources  of  sediment  are  silty  and  clayey  soils,  where  sheet 
flow  is  the  principal  eroding  agent  and  the  sediment  is  trans- 
ported primarily  in  suspension:  10  percent. 

2.  Watersheds  of  low  to  moderate  relief,  with  combination  sheet 
and  channel-type  erosion,  where  products  of  erosion  are  essen- 
tially equal  amounts  of  medium  to  fine  sands,  silts,  and 
clays.  Transport  of  coarser  materials  is  along  the  bed  and. 
finer  materials  are  in  suspension:  20  percent. 

3.  Watersheds  of  moderately  high  relief  where  channel-type  erosion 
is  the  primary  source  of  sediment.  Substantial  amounts  of 
coarse  sand  and  gravel  are  transported  as  bedload,  with  smaller 
amounts  of  fine-grained  sediment  transported  in  suspension: 

30  percent. 


k.     Watersheds  of  high  relief  where  the  primary  sediment  load 
consists  of  boulders,  cobbles,  and  sand:  above  30  percent. 

These  percentages  may  be  adjusted  upward  or  downward,  using  judgment 
based  on  local  -watershed  and  reservoir  conditions. 

SEDIMENT  STORAGE  REQUIREMENTS 

Capacity  Requirements  for  Sediment 

That  portion  of  the  incoming  sediment  that  deposits  in  an  underwater 
environment  is  termed  "submerged"  sediment.  That  which  deposits  above 
the  elevation  of  the  principal  spillway  is  subject  to  alternate  wetting 
and  drying  and  is  termed  "aerated"  sediment.  The  terms  "submerged"  and 
"aerated"  are  essentially  synonymous  with  sediment  pool  and  retarding 
pool,  respectively,  in  a  single -purpose  floodwater  retarding  structure 
unless  the  structure  is  designed  as  a  dry  reservoir.   In  the  latter 
instance  all  deposited  sediment  would  be  considered  aerated. 

The  distinction  between  submerged  and  aerated  sediments  is  important  in 
terms  of  the  capacity  each  will  displace.   The  ultimate  volume  occupied 
by  the  deposited  sediment  will  depend  on  its  texture  and  whether  it  is 
submerged  or  subjected  to  alternate  submergence  and  aeration.  The 
volume  weight  of  sediment,  in  pounds  per  cubic  foot,  is  based  on  judg- 
ment where  records  are  not  available.  The  following  table  based  on 
analysis  of  available  data  may  be  used  as  a  guide  to  selection  of  volume 
weights  where  field  measurements  are  not  available. 


Grain  Size 

Clay 

Silt 

Clay-silt  mixtures  (equal  parts) 

Sand-silt  mixtures  (equal  parts) 

Clay-silt-sand  mixtures  (equal  parts) 

Sand 

Gravel 

Poorly  sorted  sand  and  gravel 


For  any  structure  being  designed,  the  volume  weight,  in  pounds  per 
cubic  foot,  of  the  deposited  sediment  must  be  estimated  for  each  envir- 
onment of  deposition.  Any  volume  of  sediment  determined  on  the  basis 
of  aerated  volume  weight  will  retain  that  same  volume  even  though  the 
sediment  may  be  submerged  later. 

Sediment  Storage  Allocation 

The  required  sediment  storage  must  be  allocated  between  the  various 
pools  of  the  reservoir.  This  is  important  as  certain  pool  elevations 


Submerged 

Aerated 

(lbs/cu.ft. ) 

(lbs/cu.ft. ) 

U0-60 

60-80 

55-75 

75-85 

kO-65 

65-85 

75-95 

95-110 

50-80 

80-100 

85-100 

85-100 

85-125 

85-125 

95-130 

95-130 
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and  flood-routing  procedures  are  dependent  upon  the  expected  distribution 
of  the  sediment  within  the  reservoir*  Engineering  Memorandum-27  (Rev.,) 
provides  the  following  definitions  which  must  he  kept  in  mind  as  the 
allocations  are  made.  Sediment  storage   is  the  volume  allocated  to  total 
sediment  accumulation.  The  sediment  pool   is  the  reservoir  space 
allotted  to  the  accumulation  of  submerged  sediment  during  the  life  of 
the  structure.  The  sediment  pool  elevation   is  the  elevation  of  the 
surface  of  the  anticipated  sediment  accumulation  at  the  dam.   In  addi~ 
tion,  sediment  reserve   is  defined  as  the  volume  of  the  sediment  pool 
required  for  the  second  50-year  period  in  a  single-purpose  floodwater 
retarding  reservoir  designed  for  a  100-year  life. 

The  following  general  guidelines  are  presented  to  assist  in  allocating 
the  sediment  storage  for  several  situations.  They  are  primarily  concerned 
with  reservoirs  in  which  the  major  portion  of  the  sediment  will  deposit 
in  a  submerged  environment.   If  the  structures  are  designed  as  "dry" 
reservoirs,  the  same  guidelines  will  apply  except  that  all  sediment 
volumes  will  be  based  on  aerated  volume  weights. 

A.  Single -Purpose  Floodwater  Retarding  Reservoirs 
1.  Single-stage  principal  spillway 

a.  In  a  50-year  life  structure,  the  sediment  pool  elevation 
determines  the  crest  elevation  of  the  principal  spillway. 
Since  water  is  expected  to  occupy  this  space  until  dis- 
placed by  sediment,  the  sediment  volume  will  be  computed 
using  submerged  volume  weights.  The  volume  of  the  sedi- 
ment expected  to  deposit  in  the  retarding  pool  will  be 
computed  using  aerated  weights. 

b.  In  a  100-year  life  structure,  the  sediment  pool  elevation 
as  computed  for  the  first  50-year  period  determines  the 
crest  elevation  of  the  principal  spillway  to  be  constructed 
for  this  period.   Since  water  is  expected  to  occupy  this 
space  until  displaced  by  sediment ,  the  sediment  volume 
will  be  computed  using  submerged  volume  weights. 

The  volume  of  the  sediment  pool,  or  sediment  reserve, 
required  for  the  second  50-year  period  will  also  be  deter- 
mined by  using  submerged  volume  weights.  This  is  neces- 
sary as  it  is  assumed  that  structural  modifications  will 
be  made  to  the  principal  spillway  at  the  end  of  50  years 
that  will  raise  its  elevation  to  that  required  for  the 
additional  amount  of  sediment.   Submerged  volume  weights 
must  be  used  as,  with  the  assumed  modifications,  water 
is  expected  to  occupy  this  capacity  until,  displaced  by 
sediment. 

During  the  first  50-year  period,  it  is  known  that  some 
sediment  will  deposit  and  be  subjected  to  aeration  in  the 
capacity  allotted  to  the  sediment  reserve.   Depending  on 
erosion  rates,  character  of  the  sediment,  and  operation 
of  the  reservoir,  this  volume  may  be  significant.  It  is 
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recommended  that  the  geologist  consider  each  structure 
individually  and  determine  the  need  for  sut  location. 

2.  Two-stage  principal  spillway 

a.  In  a  50-year  life  structure,  the  sediment  pool  elevation 
determines  the  elevation  of  the  low-stage  Inlet  oil two 
stage  principal  spillway.  Since  water  is  ejected  V 
occupy  this  space  until  displaced  by  sedimenT  the"  Tolxme 
will  be  computed  using  submerged  volume  weights. 

It  is  known  that  some  sediment  will  deposit  between  the 
elevations  of  the  low-stage  and  high-stage  inletT  The 
geologist  will  determine  the  need  for  such  SocaUon^ 
and  will  compute  the  volume  using  aerated  volume  weights 
In  theTi011,^  thS  SedimeDt  St°r^S   exPe=ted  to  occur 
vol^e  weighls!*  P°01  VU1  ^  °°-~  "^  —ted 


b. 


™„?  1°°-year  llfe  structure,  the  first  50-year  sediment 
pool  elevation  determines  the  elevation  of  the  crest  of 
the  low-stage  inlet.   Since  vater  is  expected  to  occupy 

lll^T.T11  disPlaced  ^  sediment7this  volume  SL. 
be  computed  by  using  submerged  volume  weights. 

The  original  construction  plans  of  the  principal  spillway 

be  b^iinrthefe°I  'W^  °f  the  U*W  inlet^ 
vear Period  th*  elevatlon  required  at  the  end  of  the  100- 

£S  be  mat  t^  ^^  that  st™ct^a±  modifications 
will  be  made  to  the  principal  spillway  at  the  end  of  50 

years  to  raise  the  elevation  of  the  low-stage  inlet  to 

that  required  for  the  additional  amount  of  sediment 

Since  it  is  assumed  that  water  will  occupy  the  space 

below  this  higher  elevation  of  the  low-sJage  inlet  during 

the  second  50-year  period,  the  sediment  voLne  will  Z     * 

computed  using  submerged  volume  weights. 

II  ^^T/^*  S°me  °f  the  sedimen^  ^ill  deposit  and 
be  subjected  to  aeration  in  the  retarding  pool  between 
the  low  and  high-stage  inlets  as  well  as"  that  above 
the  high-stage  inlet.  This  will  occur  during  both  50- 
year  periods  and  a  portion  will  be  included  in  ?he  capa- 

sn  LPr°Vr  ^f°r  SubraerSed  ^±*ent   during  the  second 
50  years  (sediment  reserve).  The  geologist  will  make 
provisions  for  the  capacity  required  befow  Jd  abovf 

^rt-iSHral  elevations  f°r  this  sediment  and  the  vol- 
ume will  be  computed  using  aerated  volume  weights'. 

B.  Multiple-Purpose  Reservoirs 

The  sediment  pool  in  multiple-purpose  reservoirs  will  be  planned 

a~f   fT  th*   6ntire  ?valUated  economic  life  of  tL^ucture 
(normally  one  hundred  years),  and  its  volume  will  be  based  on  su^ 
^merged  volume  weights.  The  capacity  for  beneficial  vatlr  storage" 
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should  be  added  to  that  required  to  contain  the  submerged  sediment . 
The  portion  of  the  sediment  that  will  deposit  above  the  elevation 
of  the  principal  spillway  will  be  determined  in  accordance  with  the 
general  guidelines  previously  discus sed.  The  volume  of  such  sedi- 
ment  will  be  .computed  r»«  +.he  basis  of  aerated  volume  weights . 

A  multiple-purpose  structure  may  be  designed  with  either  a  single- 
stage  or  two-stage  principal  spillway.   If  a  two-stage  principal 
spillway  is  used,  consideration  must  be  given  to  the  distribution 
of  the  sediment  between  the  elevations  of  the  low  and  high-stage 
inlets  as  well  as  that  above  the  elevation  of  the  high-stage  inlet. 
The  volume  of  this  sediment  will  be  computed  on  the  basis  of 
aerated  volume  weights '. 

It  is  suggested  that  procedures  for  allocation  of  sediment  storage  con- 
sidered necessary  but  not  specifically  covered  in  this  Technical 
Release  be  developed  in  consultation  with  the  Engineering  and  Watershed 
Planning  Unit. 

COMPLETION  OF  FORM  SCS-309  (Rev.  10-67) 

Certain  basic  background  information  is  necessary  concerning  every 
reservoir  being  designed.  The  approximate  location  of  the  structure        ^ 
must  be  indicated  on  an  aerial  photograph,  a  USGS  quadrangle,  or  other 
suitable  map  so  that  the  watershed  and  problem  areas  above  the  site  can 
be  delineated  and  measured.  An  estimate  of  the  total  required  reser- 
voir capacity  for  all  purposes  must  be  made. 

The  several  major  parts  of  the  form  are  considered  separately  in  the 
following  discussions. 

1.  Heading 

Most  of  the  information  required  in  the  heading  is  self-explana- 
tory. The  drainage  area  refers  to  the  drainage  area  above  the 
site  of  the  structure.  The  purpose  of  the  reservoir  should  be 
stated  as:  Single-purpose — flood  prevention;  Multiple-purpose— 
flood  prevention  and  water  supply;  or  whatever  purpose  may  be 
involved.  Any  additional  pertinent  information  concerning  the 
structure  such  as  single  or  two-stage  riser  should  be  noted  in 
the  space  to  the  left  and  below  the  heading. 

An  example  of  the  heading  is  shown  below. 

X%K,3W  U.  S.  DEPARTMENT  OF  AGRICULTURE 

*»  <fr*7  SOIL  CONSERVATION  SERVICE 

RESERVOIR  SEDIMENTATION  DESIGN  SUMMARY  f 

WATFRSHFO         Blank  Creek SITE  NO. ___!__       DRAIMACE  AREA     3.**1»         SA.ML     2200      Acres 

LOCATION     Photo  No.    ASI-131 STATE    Midst  ate        PURPOSE     Single-purpose — FP 

DATA  COMPUTED  BY        Janes   Jones  TITLE  Geologist 0ATE      12/15/6? 
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2.  Sediment  Yield  by  Sources  (Average  Annual) 

a.  Gross  Erosion  and  Sediment  Delivery  Ratios 

As  stated  earlier,  Form  SCS-309  (Rev.  10-67 )  was  designed 
with  the  relationship  of  gross  erosion  and  sediment  delivery 
ratios  to  sediment  yield  (Equation  l)  in  mind.  Thus,  this 
part  of  the  form  concerns  estimates  of  erosion  occurring  in 
the  drainage  area  of  the  reservoir  and  the  sediment  delivery 
ratios. 

The  estimates  of  the  annual  amounts  of  erosion  must  be  realis- 
tic and  reasonable,  both  for  "Present  conditions"  and  for 
"Future -(After  Conservation  Treatment)."  Normally  these  esti- 
mates are  developed  by  delineating  problem  areas  in  the  drain- 
age area  and  computing  sheet  erosion  and  the  other  components 
of  the  total  erosion  as  individual  items.   Separate  work 
sheets  are  generally  used  for  this  purpose  and  only  totals  for 
each  component  of  the  erosion  need  be  indicated  in  the  appro- 
priate spaces _on  the  form.   It  would  be  preferable,  however, 
to  show  the  acreages  and  rates  of  soil  loss  for  each  land  use 
listed  under  "Sheet  Erosion."  The  "Soil  Loss  (Tons/Ac)"  for 
sheet  erosion  values  is  to  be  developed  in  conformance  with 
,*  existing  guides  and  releases  prepared  by  the  Engineering  and 

Watershed  Planning  Units.   The  basic  information  required  for 
this  determination  may  be  obtained  from  soil  survey  data 
available  in  Work  Unit  offices  and  any  supplementary  field 
investigations  as  may  be  necessary. 

The  "Future  (After  Conservation  Treatment)"  data  should  be 
computed  using  the  most  realistic  information  available.  Land 
treatment  data  provided  by  the  Work  Unit  Conservationist  should 
be  reflected  in  predicting  reductions  in  erosion  rates  from 
the  various  sediment  sources.  These  future  reductions  must 
be  realistic  and  should  be  attainable. 

The  total  amounts  of  material  eroded  by  channel-type  processes 
(gullies,  streambanks,  etc.)  for  both  present  and  future  con- 
ditions are  estimated  on  the  basis  of  field  reconnaissance  or 
detailed  study  using  available  aerial  photographs  and  soil 
survey  data.   If  the  volume  of  sediment  produced  by  gullying 
is  determined  by  the  procedure  outlined  in  Technical  Release 
No.  32,  "Procedures  for  Determining  Rates  of  Land  Damage, 
Land  Depreciation  and  Volume  of  Sediment  Produced  by  Gully 
Erosion,"  dated  July  1966,  the  tons  of  eroded  material  so 
obtained  should  be  used.   Information  concerning  streambank 
erosion  and  flood-plain  scour  often  can  be  obtained  from  the 
flood-plain  damage  survey.   If  the- streamoed  js  degrading  and 
is  a  source  of  sediment ,  procedures  to  determine  annual 
|  amounts  of  streambed  erosion  should  be  developed  in  consulta- 

^  tion  with  the  Engineering  and  Watershed  Planning  Unit.  The 

total  amount  of  material  eroded  by  these  processes  is  entered 
in  the  appropriate  spaces  on  the  form.  The  work  sheets  used 
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in  developing  the  erosion  information  should  be  filed  with 
Form  SCS-309  (Rev.  10-67)  as  supporting  data. 

The  next  step  in  completing  this  part  of  the  form  is  concerned 
with  sediment  -delivery  ratios  and  the  computation  of  sediment 
yield  at  the  structure  site.  The  percent  of  eroded  material 
that  reaches  the  site  should  he  realistically  estimated  for 
each  component  of  the  erosion.  Various  guides  for  estimating 
sediment  delivery  ratios  in  terms  of  watershed  parameters 
have  been  prepared  by  the  several"  Engineering  and  Watershed 
Planning  Units,,  and  these  guides  should  be  consulted  to 
obtain  values  to  enter  in  the  appropriate  spaces.  The  item 
"Tons  Delivered"  is  the  product  of  the  total  soil  loss  for 
each  component-  of  the  erosion  and  the  "Delivery  Ratio  ($)" 
for  that  component.   The  sum  of  these  products  is  the  sediment 
yield  for  "Present"  and  "Future"  conditions. 

Where  upstream  structures  control  sediment,  the  erosion  and 
sediment  yield  are  determined  using  the  foregoing  procedure 
only  for  the  net  drainage  area  below  the  upstream  structures. 

b.  Data  from  Reservoir  Sedimentation  Surveys 

If  sediment  yields  based  on  transposed  data  obtained  from 
reservoir  sedimentation  surveys  are  to  be  used,  the  values  so 
obtained  are  entered  in  the  total  "Tons  Delivered"  spaces  of 
this  part  of  the  form.  Unless  there  is  strong  evidence  to 
support  an  estimate  of  a  difference  between  "Present"  and 
"Future"  yields,  the  same  values  should  be  used  in  these 
respective  spaces. 

It  should  be  stated  on  the  form  that  sedimentation  surveys 
were  used  to  develop  the  values.  The  source  of  the  data  and 
the  work  sheets  used  in  developing  the  information  should  be 
filed  with  the  form. 

c.  Data  from  Suspended  Load  Records 

Sediment  yield  information  obtained  and  transposed  from  sus- 
pended load  stations  is  entered  on  the  form  in  the  same  manner 
as  that  obtained  from  reservoir  sedimentation  surveys.  A 
statement  that  suspended  load  records  were  used  should  be 
placed  on  the  form.  The  supporting  data,  including  a  listing 
of  the  stations  used,  should  be  filed  with  the  form. 

d.  Data  Developed  by  Direct  Predictive  Equations 

If  a  predictive  equation  to  determine  sediment  yield  is  used, 
the  computed  value  of  the  sediment  yield  is  to  be  entered  in 
the  appropriate  spaces  for  total  "Tons  Delivered."  The  equa- 
tion used  should  be  noted  on  the  form,  and  the  work  sheets 
involved  in  the  solution  of  the  equation  should  be  filed  with 
it. 

An  example  of  this  part  of  the  form  follows. 
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SEDIMENT  YIELD  BY  SOURCES  (AVERAGE  ANNUAL) 


v  I 


PRESENT  CONDITIONS 

FUTURE  (AFTER  CONS.  TREATMENT) 

ACRES 

SOIL  LOSS 
(TONS/AC) 

TOTAL 
•  (TONS) 

ACRES 

SOIL  LOSS 
(TONS/AC) 

TOTAL 
(TONS) 

z 
o 
3» 

o 
oe 

Mi 

\~ 
U 
UJ 

X 
M 

CULTIVATED  LANO-i-/ 

5U0 

18.5 

99902/ 

500 

12.9 

6U502/ 

IDLE  LAND 

150 

8.1 

1215 

PASTURE  •  RANGE 

880 

U.l 

3610 

950 

2.9 

2755 

WOODLAND 

630 

2.3 

1U50 

750 

1.5 

1125 

. OTHER 

DELIVERY 
RATIO  (%) 

.    V 

TONS 
DELIVERED 

DELIVERY 
RATIO  m 

V 

TONS 
DELIVERED 

SHEET  EROSION  ■  TOTAL 

20 

16265 

3255i/ 

20 

10330 

2065^ 

GULLY  EROSION 

80 

6600 

5280 

80 

3160 

2530 

STREAMBANK  EROSION 

90 

1200 

1080 

90 

1200 

1080 

STREAMBED  EROSION 

FLOODPLAIN  SCOUR 

OT 

HER  (ROADSIDE  ETC.) 

.     50 

2000 

1000 

50 

800 

Uoo 

TOTAL 

1061 5-2/ 

TOTAL 

607  ill 

s*- 


r 

V 


1/     Includes  row  crops,   small  -grains,  meadow. 

2/     Product  of  preceding  two  columns  rounded  to  nearest   five  tons. 

3/     To  be  entered  under  column  "Sediment  Delivered  to  Site"   in  "Present"   space  of 
"Deposition"  part  of  form. 

k/  .  To  be  entered  under  column  "Sediment  Delivered  to  Site"   in  "Future"   space  of 
"Deposition"  part  of  form.      This  will  be  entered  in  one  or  both  "Future"   spaces 
depending  upon  the  type  and  design  life  of  the  structure. 

3.      Texture   and  Volume  Weight 

The  estimated  texture  of  the  incoming  sediment  is^to  be  entered  in 
the  spaces  provided.  The  volume  weight ,  in  pounds  per  cubic  foot , 
for  submerged  and  aerated  deposited  sediment  is  based  on  the  esti- 
mated texture  and  the  guidelines  presented  in  the  table  on  page  9- 
These  values  are  entered  in  the  appropriate  spaces  on  the  form. 

k.      Deposition 

This  part  of  the   form  is  provided  to  compute  the  amount  of  sedi- 
ment  delivered  to  the  site  that  will  deposit  in  the  reservoir. 
Three  lines  are  provided  to  facilitate  computations  of  sediment 
deposition  in  two  50-year  periods.      The  first  two  lines,   indicated 
as  "Present"   and  Future,"   are  used  for  the   first   50-year  period, 
and  the  third  line,    indicated  as   "Future,"   is  used  for  the  second 
50-year  period.      For  a  single-purpose   floodwater  retarding  struc- 
ture with  a  design  life  of  50  years  or  for  a  multiple-purpose  struc- 
ture with  a  design  life  of  either  50  or  100  years,   entries  need 
be  made  only  in  the  first  two  lines.     Each  column  in  this  part  of 
the  form  is  discussed  below. 

a.      Sediment  Delivered  to  Site   (Tons/Yr) 

The  values   for  the  sediment  yield,   the  total  "Tons  Delivered" 
previously  computed,    are  entered  in  the  appropriate  spaces 
"Present"   and  "Future." 
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To  allow  for  the  gradual  improvement  of  watershed  conditions 
during  the  period  of  installation  of  land  treatment  measures 
and  the  period  during  which  these  measures  become  effective  in 
reducing  erosion,  an  average  sediment  yield  between  the  calcu- 
lated present  and  future  rates  may  be  used  for  the  "Present." 

b6  Trap  Efficiency 

The  trap  efficiency  is  estimated  on  the  basis  of  the  discussions 
presented  on  pages  5  and  6.   The  value  is  entered  in  this 
column.  There  is  insufficient  data  available  at  this  time  to 
predict  the  change  in  trap  efficiency  with  increasing  life  of 
a  reservoir.   Therefore  the  same  value  for  the  trap  efficiency 
of  a  given  reservoir  should  be  used  for  both  present  and  future 
conditions. 

c.  Annual  Deposition  (Tons) 

The  "Annual  Deposition  (Tons)"  is  the  product  of  "Sediment 
Delivered  to  Site  (Tons/Yr)"  and  the  "Trap  Efficiency  {%)"   for 
each  line. 

d.  Design  Period  (Yrs) 

The  "Design  Period"  for  "Present"  conditions  is  the  anticipated 
number  of  years  that  will  be  required  for  the  proposed  land 
treatment  measures  to  be  installed  and  become  fully  established 
and  effective  in  reducing  erosion  and  sediment  yield. 

The  "Design  Period"  for  the  second  line,  indicated  as  "Future," 
for  a  single-purpose  floodwater  retarding  structure  with  a  100- 
year  design  life  will  be  the  difference  between  50  years  and 
the  "Design  Period"  for  "Present"  conditions.   The  "Design  Period" 
for  the  third  line,  indicated  as  "Future,"  is  the  remaining 
design  life  of  the  structure.   In  the  instance  of  a  100-year  life 
single-purpose  floodwater  retarding  structure,  this  is  50  years. 
Provision  is  thus  made  for  two  50-year  periods. 

In  the  instance  of  a  structure  being  designed  for  a  50-year 
life  only  the  first  two  lines  of  this  part  of  the  form  are  used. 
Similarly,  for  a  multiple-purpose  structure  with  a  design  life 
of  100  years,  the  first  two  lines  are  the  only  ones  to  be  used. 
In  this  latter  instance,  the  "Design  Period"  for  the  "Future" 
would  be  the  difference  between  100  years  and  the  "Design  Period" 
for  "Present"  conditions. 

e.  Period  Deposition  (Tons) 

The  "Period  Deposition"  is  the  product  of  the  "Annual  Deposition" 
and  the  corresponding  number  of  years  for  each  "Design  Period." 

f.  Design  Deposition  (Tons) 

The  column  "Design  Deposition"  when  completed  provides  the 
information  needed  to  determine  sediment  storage  requirements. 
The  first  open  space  in  this  column  is  provided  to  enter  the 
sum  of  the  values  noted  in  the  first  two  spaces  under  "Period 
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Deposition."  The  values  to  be  entered  in  the  second  open 
space  of  this  last  column  will  equal  the  value  recorded  in  the 
third  space  of  the  preceding  column.  This  makes  available  for 
further  computations  the  amount  of  deposition  expected  to 
occur  in  each  of  the  two  50-year  periods  necessary  for  consi- 
deration in  the  sediment  design  of  a  100-year  life  single- 
purpose  floodwater  retarding  structure. 

The  "total"  space  of  this  last  column  is  the  sum  of  the  values 
for  the  two  (if  used)  "Design  Deposition"  values.  This  sum 
represents  the  total  amount  of  sediment,  in  tons,  that  will  be 
deposited  in  the  reservoir  during  the  designed  effective  life 
of  structure. 

As  noted  earlier,  direct  predictive  equations  may  be  used  to 
determine  sediment  yields.   In  some  instances  predictive  equa- 
tions are  developed  to  estimate  the  total  deposition,  in  tons, 
within  a  reservoir  during  a  period  of  time.  The  sediment 
yield,  trap  efficiency,  and  life  of  the  reservoir  generally 
are  among  the  variables  incorporated  in  such  equations.   If 
such  an  equation  is  used,  it  is  necessary  to  enter  only  the 
estimated  deposition  for  the  required  time  periods  in  the 
last  column  of  this  part  of  the  form. 

The  following  examples  illustrate  the  use  of  this  part  of  the  form 
for  several  different  situations. 
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(l)  50-Year  Life  Reservoir — Any  Purpose 
2I  3/      SEDIMENJ^ORAGE  REQUIREMENTS 


6/ 


PERIOD 
(YRS) 

CONDITION 

OF 
SEDIMENT 

% 

OF 

TOTAL 

DEPOSITION 
(TONS) 

VOLUME 
WEIGHT 

STORAGE 

REQUIRED 

STORAGE  ALLOCATION    (ACRE  FEET) 

TONS/ACFT. 

ACRE-FEET 

WATERSHED 
INCHES 

SEDIMENT 
POOL 

RETARDING 
POOL 

OTHER 

50 

SUBMERGED 

80 

258, U15 

1089 

237.3 

1.29 

237.3 

AERATED 

20 

6U,605 

1786 

36.2 

0.20 

36.2 

SUBMERGED 

AERATED 

50 

TOTALS 

323,020 

273.5 

1.1+9 

237.31/ 

tf.afi/ 

1/  See  discussion  on  page  6  and  item  k&   on  page  16. 

2/  See  discussion  on  page  8. 

3/  See  item  5d  on  page  19. 

k/  See  item  5e  on  page  19. 

£/  See  item  5f  on  page  20. 

6/  Guidelines  given  on  pages  9-12. 

J/  This  capacity  establishes  the  crest  elevation  of  the  principal  spillway. 

8/  This  capacity  must  be  added  to  the  required  floodwater  retarding  volume  to  establish 
the  elevation  of  the  emergency  spillway. 
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TEXTURE 
INCOMING  SEDIMENT 

ft 
CLAY 

30 

% 

SILT 

COARSE 

uo 

30 

VOLUME  WEIGHT 
DEPOSITED  SEDIMENT 
*  LBS/CU.  FT. 

SUBMERGED 

50 

AERA" 

rED 

82 

(2) 


100-year  life  reservoir  -  single -purpose  floodwater 
retarding  reservoir. 


1/ 


DEPOSITION 


2/ 


SEDIMENT  DELIVERED 

TO  SITE 

(TONS/YR) 

TRAP 

EFFICIENCY 

(») 

ANNUAL 

DEPOSITION 

(TONS) 

DESIGN 

PERIOD 

(YRS) 

PERIOD 

DEPOSITION 

(TONS) 

DESIGN 

DEPOSITION 

(TONS) 

PRESENT 

10615 

95 

10085 

8 

80680 

FUTURE 

6075 

95 

5770 

U2 

2U23U0 

3230201/ 

FUTURE 

6075 

95 

5770 

50 

288500 

288500il/ 

TOTALS 

_100 

611520 

1/     Entries  from  "Sediment  Yield"  part  of  form* 

2/     See  item  Ud  on  page  16. 

3/  This  value  to  be  used  in  first  50-year  period  for  distribution  in  "Sediment 
Storage  Requirements"  part  of  form. 

kj     This  value  to  be  used  for  second  50-year  period  for  distribution  in  "Sediment 
Storage  Requirements"  part  of  form- 


(3) 


1/ 


100-year  life  reservoir 
DEPOSITION 


multiple  purpose 


TEXTURE 
INCOMING  SEDIMENT 

CLAY 

% 
SILT 

COARSE 

30 

UO 

30 

VOLUME  WEIGHT 

DEPOSITED  SEDIMENT 

LBS/CU.  FT. 

SUBMERGED 

50 

AERATED 

2/ 


SEDIMENT  DELIVERED 

TO  SITE 

(TONS/YR) 

TRAP 

EFFICIENCY 

(ft) 

ANNUAL 

DEPOSITION 

(TONS) 

DESIGN 

PERIOD 

(YRS) 

PERIOD 

DEPOSITION 

(TONS) 

DESIGN 

DEPOSITION 

(TONS) 

PRESENT 

10615 

95 

10085 

8 

80680 

:':'-\     .       .;/.-■;-'■■■. 

FUTURE 

6075 

95 

5770 

92 

5308U0 

611520 

FUTURE 

TOTALS 

100 

6ll520i/ 

1/     Entries  from  "Sediment  Yield"  part  of  form. 

2/     See  item  Ud  on  page  16. 

3/     This  total  to  be  used  for  distribution  for  entire  100-year  period  in  "Sediment 
Storage  Requirements"  part  of  form. 

5.      Sediment  Storage  Requirements 

This  part  of  the  form  is  used  for  estimating  the  distribution  and 
allocation  of  required  capacity  for  sediment  accumulation  in  the 
various  pools  to  be  included  in  the  reservoir. 

a.     Period  (Yrs) 

This  column  provides  for  the  two  periods  of  time  needed  to 
develop  the  sediment  design  for  a  single-purpose  floodwater'' 
retarding  reservoir  with  a  100-year  life.   In  the  first  space, 
in  this  instance,  would  be  noted  "first  50  years"  and  in  the 
second  space  would  be  noted  "second  50  years."  For  any  struc- 
ture being  designed  with  a  50-year  life,  only  the  first  space 
would  be  used  and  "50  years"  would  be  noted  therein.   Similarly, 
for  a  multiple-purpose  reservoir  being  designed  with  a  100-year 
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life,  only  the  first  space  would  be  used  and  "100  years"  would 
be  noted  therein. 

b.  Condition  of  Sediment 

This  column  is  self-explanatory  and  provides  headings  indica- 
ting the  expected  condition  of  the  sediment,  whether  submerged 
or  aerated,  for  use  in  the  computation. 

c.  Percent  {%)   of  Total 

This  column  makes  provisions  to  enter  values  for  the  estimated 
protions  of  the  incoming  sediment  that  will  deposit  in  sub- 
merged and  aerated  environments  during  the  periods  being  con- 
sidered. The  values  used  should  be  in  conformance  with  the 
guidelines  previously  discussed. 

There  is  little  information  available  that  will  predict  dif- 
ferences in  the  environment  of  sediment  deposition  within  a 
reservoir  with  its  increasing  age.  Therefore  it  is  suggested 
that  the  same  percentages  be  used  during  the  entire  design 
life  of  the  reservoir.   For  a  100-year  life  single -purpose 
floodwater  retarding  reservoir,  this  would  mean  using  the 
same  percentage  distribution  for  each  of  the  two  50-year 
periods. 

d.  Deposition  (Tons) 

This  fourth  column  provides  the  spaces  to  enter  the  amounts 
of  the  estimated  sediment  deposition,  in  tons,  previously 
determined  in  the  "Deposition"  part  of  the  form.   The  total 
"Design  Deposition"  as  previously  determined  is  entered  in 
the  "Total"  space  of  this  column.   In  the  instance  of  a  single- 
purpose  floodwater  retarding  reservoir  with  a  design  life  of 
100  years,  the  same  "Design  Deposition"  is  entered  in  the 
"Total"  space  of  this  column.  However,  the  "Design  Deposition" 
previously  computed  and  entered  in  the  first  and  second  spaces 
of  the  last  column  of  the  "Deposition"  part  of  the  form  must 
be  used  for  the  first  50-year  period  and  the  second  50-year 
period,  respectively.  No  spaces  for  recording  these  values  are 
provided  in  this  part  of  the  form,  and  a  separate  worksheet 
will  be  necessary  to  facilitate  the  computation. 

The  "Design  Deposition"  values  are  multiplied  by  the  corres- 
ponding percentage  values  of  the  preceding  column  to  arrive 
at  the  number  of  tons  of  sediment  expected  to  be  deposited 
under  submerged  and  aerated  conditions.  These  values  are 
entered  in  the  appropriate  spaces  of  this  fourth  column. 

e.  Volume  Weight  (Tons /Ac.  Ft.) 

The  tons  of  sediment  deposited  in  the  reservoir  must  be  expressed 
in  terms  of  the  volume  it  will  displace.  The  volume  weight 
entered  in  the  small  box  "Volume  Weight,  Deposited  Sediment 
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(ibs/cu.ft. )"  is  converted  to  tons  per  acre  foot  by  the  fol- 
lowing equation: 

Tons /Ac. Ft.  ■  Ibs/cu.ft.  x  21.78 

The  conversions  for  both  submerged  and  aerated  sediment  are 
made  and  the  values  entered  in  the  corresponding  spaces  of 
this  column. 

f .  Storage  Required 

(1)  The  acre-feet  of  storage  required  is  obtained  by  dividing 
\                        the  "Deposition  (Tons)"  by  the  corresponding  "Volume  Weight, 

(Tons/ac.ft. )"  for  each  condition  of  sediment.  The  sum  of  the 
values  in  this  column  is  the  total  capacity  required  in  the 
reservoir  for  sediment  storage.   The  values  recorded  in  the 
individual  spaces  in  this  column  are  distributed  among  the 
various  pools  indicated  in  the  last  three  columns  of  this  part 
of  the  form. 

(2)  The  column  "Watershed  Inches"  is  used  to  express  the  acre- 
feet  of  sediment  shown  in  the  sixth  column  in  equivalent  water- 
shed inches.  The  values  are  obtained  by  the  equation: 

Watershed  Inches  =  0.0l875(- f*?  feet  °f  sediment  stor^e  ) 

drainage  area  in  square  miles 

g.  Storage  Allocation 

As  stated  earlier,  the  required  sediment  storage  must  be 
allocated  between  the  various  pools  in  the  reservoir.  The 
guidelines  previously  presented  indicate  how  these  allocations 
are  to  be  considered. 

Where  equations  have  been  developed  to  predict  the  total  sediment 
accumulation,  in  acre-feet,  expected  in  a  reservoir  during  its 
entire  life,  the  results  may  be  entered  in  the  total  "Storage 
Required"  space  of  the  form.   Storage  allocations  can  be  made  from 
this  value.   In  some  instances  these  equations  will  predict  the 
distribution  and  allocation  of  the  deposited  sediment.   In  such 
cases  the  information  may  be  used,  and  the  predicted  allocations 
should  be  entered  in  the  appropriate  spaces  of  the  form.  The  use 
of  such  equations  should  be  noted  on  the  form  and  any  work  sheets 
used  in  the  computation  should  be  filed  with  it. 

The  following  examples  are  presented  to  facilitate  an  understanding 
of  the  completion  of  the  "Sediment  Storage  Requirements"  part  of 
the  form. 

1.   Single-purpose  floodwater  retarding  reservoirs 

a.   Single-stage  principal  spillway 


r 
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(l)   50-year  design  life 
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TEXTURE 
INCOMING  SEDIMENT 

% 
CLAY 

SILT 

% 
COARSE 

30 

UO 

30 

VOLUME  WEIGHT 

DEPOSITED  SEDIMENT 

LBS/CU.  FT. 

SUBMERGED 

50 

AERATED 

82 

1/ 

3/ 

DEPOSIT^ 

5/ 

6/ 

SEDIMENT  DELIVERED 

TO  SITE 

(TONS/YR) 

TRAP 

EFFICIENCY 

(%) 

ANNUAL 

DEPOSITION 

(TONS) 

DESIGN 

PERIOD 

(YRS) 

PERIOD 

DEPOSITION 

(TONS) 

DESIGN 

DEPOSITION 

(TONS) 

PRESENT 

10615 

95 

10085 

8 

80680 

FUTURE 

6075 

95 

57TO 

U2 

2U23U0 

7/ 
3230202/ 

FUTURE 

TOTALS 

50 

323020i/ 

1/  See  item  3  on  page  15. 

2/  Entries  from  "Sediment  Yield"  part  of  form. 

3/  See  item  Ub  on  page  16. 

hj  Product  of  2/  and  3/  to  nearest  five  tons. 

5/  See  item  Ud  on  page  16. 

6/  Product  of  kj   and  5/. 

7/  Sum  of  values  entered  in  the  first  two  spaces  of  6/ . 

8/  To  be  used  in  "Sediment  Storage  Requirements"  part  of  form. 


(2)   100-year  design  life 


1/ 

SEDIMENT  STORAGE  REQUIREMENTS 

PERIOD 
(YRS) 

CONDITION 

OF 
SEDIMENT 

OF 
TOTAL 

DEPOSITION 
(TONS) 

VOLUME 
WEIGHT 

STORAGE  REQUIRED 

STORAGE  ALLOCATION    (ACRE  FEET) 

TONS/AC.FT. 

ACRE-FEET 

WATERSHED 
INCHES 

SEDIMENT 
POOL 

RETARDING 
POOL 

OTHER 

1st 

50 

vrs. 

SUBMERGED 

80 

258, U15 

1089 

237.3 

1.29 

237- 3^ 

AERATED 

20 

6U,605 

1786 

36.2 

0.20 

25.  ^ 

10.8 

2nd 
50 

SU8MERGED 

80 

230,800 

1089 

211.9 

1.16 

211.9 

AERATED 

20 

57,700 

1786 

32.3 

0.18 

32.3 

100 

TOTALS 

611,520 

517.7 

2.83 

U7U.6^ 

U3.il7 

c 


1/  See  item  5c  on  page  19. 

2/  Establishes  crest  elevation  of  principal  spillway  for  first  50-year  period. 

3/  Deposited  in  second  50-year  sediment  pool  (sediment  reserve)  during  first  50-year 
period. 

kj     Establishes  crest  elevation  of  principal  spillway  for  second  50-year  period. 

5/  This  capacity  must  be  added  to  the  required  floodwater  retarding  volume  to  establish 
the  elevation  of  the  emergency  spillway. 
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b.  Two-stage  principal  spillway 
(1)  50-year  design  life 


SEDIMENT  STORAGE  REQUIREMENTS 

PERIOD 
(YRS) 

CONDITION 

OF 
SEDIMENT 

* 

OF 

TOTAL 

DEPOSITION 
(TONS) 

VOLUME 
WEIGHT 

STORAGE  REQUIRED 

STORAGE  ALLOCATION    (ACRE  FEET) 

TONS/ACFT. 

ACRE-FEET 

WATERSHED 
INCHES 

SEDIMENT 
POOL 

RETARDING 
POOL 

OTHER  I7] 

50 

SUBMERGED 

80 

258, 1*15 

1089 

237.3 

1,29 

237.3 

AERATED 

20 

6U,605 

1786 

36.2 

0.20 

10.8 

25.  h 

SUBMERGED 

--    - 

AERATED 

50 

TOTALS 

323,020 

273.5 

1.1*9 

237. 3i/ 

10.82/ 

25.1&/ 

1/     Retarding  pool  between  low  and  high  stage  inlets. 

2/  Establishes  crest  elevation  of  low  stage  inlet. 

3/  This  volume  must  be  added  to  required  retarding  capacity  above  the  elevation  of  the 
high  stage  inlet  to  establish  the  elevation  of  the  emergency  spillway. 

U/  This  volume  must  be  added  to  required  retarding  capacity  between  the  low  and  high 
stage  inlets  to  establish  the  elevation  of  the  high  stage  inlet. 


(2)  100-year  design  life 


SEDIMENT  STORAGE  REQUIREMENTS 

PERIOD 
(YRS) 

CONDITION 

OF 
SEDIMENT 

% 

OF 

TOTAL 

DEPOSITION 
(TONS) 

VOLUME 
WEIGHT 

STORAGE  REQUIRED 

STORAGE  ALLOCATION    (ACRE  FEET) 

TONS/ACFT. 

ACRE-FEET 

WATERSHED 
INCHES 

SEDIMENT 
POOL 

RETARDING 
POOL 

otherI,' 

1st 

50 

vrs. 

SUBMERGED 

80 

258, 1*15 

1089 

237.3 

1.29 

237.32/ 

AERATED 

20 

6U, 605 

1786 

36.2 

0.20 

17. 817 

10.8 

7.6 

2nd 
50 

vrs . 

SUBMERGED 

80 

230.800 

1089 

211.9 

1.16 

211.0 

AERATED 

20 

57.700 

1786 

32.3 

0.18 

12.9 

19.U 

100 

TOTALS 

611,520 

517.7 

2.83 

U67.0V 

23.7 

21.0I/ 

1/     Detention  capacity  between  low  and  high  stage  inlets. 

2/  Establishes  crest  elevation  of  low  stage  inlet  at  50  years. 

3/  Deposited  in  second  50-year  sediment  pool  (sediment  reserve)  during  the  first  50 
years . 

U/  Establishes  crest  elevation  of  low  stage  inlet  at  100  years. 

5/  Deposited  in  retarding  pool  between  low  and  high  stage  inlets  at  end  of  100  years. 

Note:  The  sum  of  the  values  in  U/   and  5/  plus  the  required  floodwater  retarding  capac^^ 
between  the  low  and  high  stage  inlets  establishes  the  elevation  of  the  high  stage 
inlet  at  100  years  to  be  provided  in  the  original  construction  plans. 


J 


2.  Multiple-Purpose  Reservoir  -  100-year  design  life 


-. 

SEDIMENT  STORAGE  REQUIREMENTS 

PERIOD 
(YRS) 

CONDITION 

OF 
SEDIMENT 

% 

OF 

TOTAL 

DEPOSITION 
(TONS) 

VOLUME 
WEIGHT 

STORAGE  REQUIRED 

STORAGE  ALLOCATION    (ACRE  FEET) 

TONS/AC.FT. 

ACRE-FEET 

WATERSHED 
INCHES 

SEDIMENT 
POOL 

RETARDING 
POOL 

otherJ./ 

100  . 

SUBMERGED 

80 

U89,215 

1089 

Ul+9.2 

2.U5 

382.2 

67.01/ 

AERATED 

20 

122,305 

1786 

68.5 

0.37 

68.5 

SUBMERGED 

AERATED 

100 

TOTALS 

611,520 

517.7 

2.82 

382. 2l 

'     68.5 

67.  Oil/ 

r 


1/     Beneficial  water  storage. 

2/  Portion  of  submerged  sediment  allocated  to  beneficial  storage  pool  to  be  based  on  the 
judgment  of  the  geologist  in  consultation  with  the  Engineering  and  Watershed  Planning 
Unit. 

3/     Submerged  sediment  in  sediment  pool. 

k/     Submerged  sediment  deposited  in  capacity  for  beneficial  use. 

Note:   The  required  capacity  for  beneficial  use  must  be  added  to  the  sum  of  3/  and  k/   to 
establish  the  crest  elevation  of  the  principal  spillway. 


c 
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Modeling  Evapotranspiration  from  Sagebrush-Grass  Range- 
land 


J.  ROSS  WIGHT,  C.L.  HANSON,  AND  K.R.  COOLEY 

Abstract 

Three  models,  CREAMS,  SPAW,  and  ERHYM,  were  used  to 
predict  evapotranspiration  (ET)  from  a  sagebrush-grass  range  site 
in  southwest  Idaho.  Model-predicted  ET  was  compared  with  ET 
measured  by  a  lysimeter  and  ET  calculated  with  a  water-balance 
equation  using  field-measured  soil  water  and  precipitation  values. 
There  was  generally  good  agreement  between  the  lysimeter  and 
water-balance  calculated  ET  and  between  these  ET  values  and 
model-predicted  ET.  Maximum  averaged  daily  ET  rates  were 
about  2.5  mm  for  April,  May,  and  June  with  single  day  ET  values 
from  the  lysimeter  as  high  as  5.0  mm.  Although  the  CREAMS 
predicted  ET  rates  were  generally  higher  than  those  predicted  by 
SPAW  and  ERHYM  or  measured  by  the  water-balanced  method, 
all  3  models  were  functionally  capable  of  simulating  ET  from 
sagebrush-grass  range  sites.  ERHYM  was  the  simplest  of  the  3 
models  to  operate. 

The  sagebrush-grass  ecosystem  includes  about  52.6  million  ha  in 
the  western  United  States  (U.S.  Forest  Service  1980).  Although  its 
productivity  per  unit  area  is  low,  the  sagebrush  ecosystem  is  a 
major  resource  in  terms  of  livestock  production,  wildlife  habitat, 
and  as  a  watershed  for  onsite  and  downstream  water  resources. 
This  ecosystem  supplies  an  estimated  25  million  animal  unit 
months  (AUM)  of  grazing  for  domestic  livestock  with  a  potential 
for  78  million  AUMs  with  improved  management  and  range  condi- 
tion (USDA-SEA-AR  1980). 

Evapotranspiration  (ET)  is  a  major  component  of  the  soil  water 
balance  equation  for  semiarid  rangelands.  Branson  et  al.  ( 1976) 
estimated  that  as  much  as  96%  of  the  incoming  precipitation  was 
returned  to  the  atmosphere  as  ET  from  such  rangelands.  Most 
estimates  of  ET  from  sagebrush-grass  rangelands  have  been 
determined  from  field  measurements  of  precipitation,  soil  water 
content,  and  runoff  (Rawls  et  al.  1973,  Sturgis  1979). 

During  the  past  decade,  several  water-balance,  climate  models 
have  been  developed  that  can  be  used  to  predict  evapotranspira- 
tion from  rangelands.  Most  of  these  models  have  been  evaluated 
for  the  shortgrass  and  mixedgrass  prairies  (Innis  1978,  Aase  et  al. 
1973,  Wight  and  Hanks  1981,  de  Jong  and  MacDonald  1975, 
Hanson  1976).  Research  on  modeling  ET  from  sagebrush-grasslands 
has  been  limited.  Wight  and  Neff  ( 1983)  evaluated  a  water-balance, 
climate  model  in  a  sagebrush-grass  community  in  southeastern 
Montana.  Sonntag  et  al.  (1982)  developed  an  ecosystem  model 
which  included  an  ET  component  for  a  sagebrush-grass  commun- 
ity in  Nevada. 

Accurate  estimates  of  ET  are  essential  in  the  development  of 
effective  hydrologic  and  plant  growth  models.  This  paper  evaluates 

Authors  are  range  scientist,  agricultural  engineer,  and  hydrologist.  respectively. 
IJSDA  Agricultural  Research  Service,  Northwest  Watershed  Research  Center,  270 
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This  article  is  a  contribution  from  the  USDA-ARS,  Northwest  Watershed  Research 
Center,  Boise,  Ida.  83705. 
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the  ET  predicting  capability  of  2  cropland  models  and  1  rangeland 
model  for  application  to  sagebrush-grass  rangelands. 

Study  Area 

The  study  site  was  located  in  southwestern  Idaho  on  the  Rey- 
nolds Creek  Experimental  Watershed  (Robins  et  al.  1965)  on  a 
nearly  flat  ridge  top,  at  an  elevation  of  1 ,649  m.  The  soil  is  a  Searla 
gravely  loam  of  the  loamy,  skeletal,  mixed,  frigid  family  of  the 
Calcic  Argixerolls  subgroup.  Soil  in  the  area  averages  about  100 
cm  in  depth  over  a  basalt  bedrock.  Annual  precipitation  averaged 
34.9  cm  for  the  1962-1982  period. 

The  site  is  dominated  by  low  sagebrush  (Artemisia  arbuscula) 
with  sand  berg  bluegrass  (Poa  sandbergii)  and  bottlebrush  squirrel- 
tail  (Sitanion  hystrix)  comprising  the  major  grass  species.  Basal 
cover  for  the  past  1 1  years  averaged  24,  26,  28,  and  22%  for  live 
plants,  litter,  rock,  and  bare  ground,  respectively.  Foliar  cover 
averaged  45%. 

Methods 

Lysimerry 

The  study  lysimeter  was  installed  in  1968.  It  enclosed  an  undis- 
turbed cylindrical  soil  core  152  cm  in  diameter  and  122  cm  deep. 
Changes  in  weight  were  measured  by  electrical  transducers  and 
were  recorded  with  a  digital  recorder. 

Soil  Water  Measurements 

Soil  water  was  monitored  biweekly  throughout  most  of  the 
growing  season  by  the  neutron  scatter  method.  Water  content  was 
measured  in  the  0  to  23,  23  to  46,  46  to  76,  and  76  to  106-cm  soil 
layers,  respectively,  in  the  lysimeter  and  an  adjacent  area.  ET  from 
the  adjacent  area  was  calculated  as  the  sum  of  the  change  in  soil 
water  content  and  precipitation  that  occurred  during  soil  mea- 
surement intervals.  This  method  assumes  no  runoff.  Observations 
of  the  area  indicated  that  runoff  is  generally  negligible.  The  soil 
water  values  at  the  beginning  of  the  growing  season  were  used  to 
initialize  model  simulations  each  year. 

Model-predicted  ET 

Three  models  were  used  to  predict  ET  for  the  period  1 976-198 1 : 
( 1 )  SPAW  (Soil-Plant- Air- Water)  (Saxton  et  al.  1 974);  (2)  CREAM  S 
Chemicals,  Runoff  and  Erosion  from  Agricultural  Management 
Systems)  (Knisel  1980);  and  (3)  ERHYM  (Ekalaka  Rangeland 
Hydrology  and  Yield  Model)  (Wight  and  Neff  1983).  The  models 
were  parameterized  with  soil  and  soil  water  data  from  the  area 
adjacent  to  the  lysimeter.  Comparative  model  performance  over 
the  6-year  period  was  similar  and  only  the  results  from  1977,  1978, 
and  1979,  low,  above  average,  and  average  production  years, 
respectively,  are  discussed  in  detail.  The  SPAW  and  CREAMS  ET 
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components  were  developed  for  cropland  applications.  The 
ERHYM  ET  component  was  originally  developed  for  cropland 
application,  but  it  has  been  modified  for  use  on  rangelands.  The 
models  were  applied  with  essentially  no  "fitting"  or  calibration. 

Each  model  uses  a  different  procedure  for  calculating  potential 
evapotranspiration  (ETP),  potential  transpiration  (Tp),  and  poten- 
tial soil  evaporation  (Ep)  (Table  1).  Actual  transpiration  (T)  in  each 

Table  1.  Methods  of  calculating  potential  evapotranspiration  (ETP), 
potential  transpiration  (Tp),  and  potential  soil  evaporation  (Ep). 


Model 


ET0 


SPAW 

CREAMS 

ERHYM 


(Ep„)(PC) 

RitchieT 
(ETj-hXKc) 


(ETP)(CFXPF) 

(ETP)(LAI/3)J 

(ETp)(TRCXRGC) 


(ETp) 

(ETp)(e^l^)§ 

ET„-To 


PC  -  Pan  coefficient 

CF  =  Cover  factor 

PF  s  Phenology  factor 

LAI  =  Leaf  area  index 

TRC  -  Transpiration  coefficient  =  0.0213  *  0.0162  (average  site  yield,  lb/ acre)'5 

RCC  =  A  relative  growth  curve  that  varies  between  0.0  and  1.0 

ETj-h  =  Jensen-Haise  calculated  ETP 

•Ep  is  never  allowed  to  exceed  ET„-TP 

*From  Ritchie  (1972). 

tFor  LAI  values  >3.0,  Tp  =  ETP 

§For  LAI  values  <1.70,  Ep  -  0.5  ETP 

model  is  controlled  by  available  soil  water  as  indicated  in  Figures 
la,  lb,  and  lc.  Water  movement  and  root  distribution  vary  among 
models.  All  models  operated  on  a  daily  time  scale. 

SPAW 

SPAW  is  a  fairly  comprehensive  crop  model  that  utilizes  pan 
evaporation  and  a  pan  coefficient  (PC)  to  calculate  ETp,  Water 
added  to  the  soil  moves  through  the  profile  along  hydraulic  gra- 
diants.  Water  in  excess  of  field  capacity  is  drained  through  the  soil 
as  percolate.  Tp  is  controlled  by  a  plant  cover  factor  (CF),  a 
phenology  factor  (PF),  and  available  by  soil  water  (Fig.  la).  Soil 
evaporation  is  represented  by  an  inclusion  of  a  separate  thin  (1.3 
cm)  upper  boundary  layer  (evaporation  layer  of  soil  in  the  soil 
profile).  Water  is  evaporated  from  this  layer  and  is  limited  only  by 
ETP  and  water  content.  Water  content  of  this  layer  varies  between 
air  dry  and  field  capacity  and  water  is  replenished  by  upward 
movement  from  the  second  soil  layer  driven  by  a  Darcian  type 
equation.  The  SPAWET  model  is  the  most  process  oriented  of  the 
3  models  evaluated. 

CREAMS 

The  hydrologic  component  of  CREAMS  utilizes  an  ET  routine 
developed  by  Ritchie  (1972).  ETP  is  calculated  from  solar  radia- 
tion, average  air  temperature,  albedo,  a  psychometric  constant, 
and  a  leaf  area  index.  T  equals  Tp  until  75%  of  the  available  water  is 
removed  (Fig.  lb).  Transpiration  demand  is  distributed  down 
through  the  profile  based  on  a  root  distribution  that  is  described  by 
an  exponential  function.  Soil  evaporation  is  calculated  by  the 
two-stage  drying  process  and  is  limited  to  the  top  15-cm  layer  of 
soil  profile. 

ERHYM 

This  model  calculates  ETP  as  the  product  of  the  Jensen-Haise 
calculated  ETP  (alfalfa  as  the  reference  crop)  and  a  crop  coefficient 
(Kc)  (Jensen  and  Haise  1963).  In  addition  to  water  content  (Fig. 
lc),  transpiration  from  specific  soil  layers  is  controlled  by  the 
product  of  a  transpiration  coefficient,  soil  temperature,  and  a  root 
density  factor.  The  transpiration  coefficient  represents  the  portion 
of  ET  which  can  be  T  at  peak  standing  crop.  Soil  temperatures  are 
obtained  from  a  soil  temperature  simulation  routine.  The  root 
density  factor  is  a  recent  modification  of  the  original  model  which 
controls  rate  of  water  uptake  based  on  the  density  of  roots  in  each 
soil  layer.  Soil  evaporation  is  limited  to  the  top  30  cm  of  the  soil 
profile  and  utilizes  a  one-stage  drying  process. 


100  80  50  40  20 

AVAILABLE  SOL  MaS7UR£{V.o«maig«txffl) 


Fig.  la.  The  relationship  between  T/  7"p  and  available  soil  water  as  used  in 
SPA  W  where  curves  A,  B.  C.  and  D  represent  different  levels  of  atmos- 
pheric demand  (potential  ET).  (From  Saxton  and  McGuiness  1982.) 


10 


0.0 


CREAMS 


100 


25 
AVAILABLE  SOIL  WATER(%) 


Fig.   lb.  The  relationship  between   TIT,  and  soil  water  as  used  in 
CREAMS. 


AVAILABLE  SOIL  WATER  (%) 

Fig.  lc.  The  relationship  between  77  7"p  and  available  soil  water  as  used  in 
ERHYM. 

Results  and  Discussion 

A  typical  set  of  growing  season  ETP  curves  as  calculated  by  the  3 
models  is  presented  in  Figure  2.  The  CREAMS  and  SPAW  ETpare 
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Fig.  2.  Cumulative  potential  evapotranspiration  as  calculated  bv  SPA  W. 
CREAMS,  and  ERHYM.  Reynolds  Creek.  1977. 
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Table  2.  Model-predicted  and  field-measured  evapotranspiration,  beginning  soil  water  content,  and  monthly  precipitation  for  3  growing  seasons  at  the 
Reynolds  Creek  study  site. 


April 

May 

June 

July 

August 

September 

BSWf 

1977 

(mm) 

Lysimeter 

nd» 

1.98 

2.67 

1.59 

0.96 

1.14 

18 

Water  balance 

0.34 

1.42 

1.63 

1.28 

0.32 

0.92 

2 

SPAW 

0.62 

1.65 

1.67 

0.48 

0.35 

0.56 

2 

CREAMS 

1.46 

2.80 

2.01 

0.39 

0.81 

0.22 

2 

ERHYM 

0.46 

1.32 

2.24 

0.70 

0.27 

0.28 

2 

Precipitation 

2 

63 

47 

10 

15 

14 

(mm/ month) 

1978 

Lysimeter 

2.40 

1.77 

2.53 

1.15 

0.88 

1.11 

119 

Water  balance 

2.57 

1.63 

2.15 

1.14 

0.73 

0.67 

86 

SPAW 

2.32 

3.14 

1.58 

0.91 

0.41 

0.40 

86 

CREAMS 

2.82 

3.01 

1.62 

0.67 

0.48 

0.75 

86 

ERHYM 

1.01 

1.83 

2.57 

1.13 

0.62 

0.58 

86 

Precipitation 

84 

18 

17 

12 

12 

22 

1979 

Lysimeter 

1.35 

2.45 

2.41 

0.69 

1.25 

0.55 

129 

Water  balance 

0.97 

1.39 

1.37 

0.82 

1.04 

0.80 

54 

SPAW 

2.16 

1.65 

0.52 

0.16 

0.76 

0.13 

54 

CREAMS 

2.09 

2.43 

0.89 

0.27 

1.09 

0.58 

54 

ERHYM 

0.89 

1.83 

1.45 

0.32 

1.09 

0.57 

54 

Precipitation 

20 

28 

11 

5 

49 

2 

*nd  -  no  data  available. 

^Amount  of  available  plant  soil  water  in  the  root  zone  at  the  beginning  of  the  growing  season  (approximately  April  1). 


considerably  higher  than  the  ERHYM  ETP.  The  Jensen-Haise 
based  ETP  in  ERHYM  is  calculated  by  an  empirical  equation 
which  was  developed  using  alfalfa  as  a  reference  crop.  For  this 
study,  a  crop  coefficient  (Kc)  of  0.85  was  used  to  convert  the 
Jensen-Haise  ETP  to  a  rangeland  ETP.  This  Kc  value  was  deter- 
mined using  lysimeter  data  from  a  mixed  prairie  grassland  in 
eastern  Montana  (Wight  and  Hanks  1981). 

Alfalfa  requires  relatively  warm  weather  before  it  begins  growth 
in  the  spring,  thus  the  ETP  based  on  the  Jensen-Haise  method  is 
limited  by  cool  weather  and  this  is  reflected  by  the  low  values 
calculated  for  the  early  spring.  Similar  limitations  would  occur 
during  the  fall  and  winter  periods. 

In  addition  to  solar  radiation  and  temperature,  CREAMS  uses 
an  albedo  input  in  calculating  potential  evaporation.  An  average 
albedo  of  0. 1 5  for  the  study  site  area  was  reported  by  Belt  (unpub- 
lished data  1 972).  Dirmhirn  and  Belt  ( 1 97 1 )  reported  an  albedo  of 
0.13  for  a  similar  site  in  southeastern  Idaho.  These  albedo  values 
represented  midday  measurements  and  are  somewhat  lower  than 
would  be  expected  for  daily  averages.  The  low  albedo  helps 
account  for  the  high  ETP  values  calculated  by  CREAMS. 

Average  daily  ET  rates  for  each  month  as  measured  by  the 
lysimeter  and  water-balance  methods  and  the  model-predicted  ET 
values  are  presented  in  Table  2.  The  good  agreement  between 
lysimeter  and  water-balanced  measured  ET  values  supports  the 
reliability  of  the  water-balance  ET  data.  The  major  differences 
between  the  2  methods  were  due  to  differences  in  soil  water  con- 
tents at  the  beginning  of  the  growing  season.  These  differences 
were  probably  due  to  seepage  of  rain  water  along  the  inside  walls  of 
the  lysimeter  and/  or  the  restriction  to  drainage  through  the  lysime- 
ter. Maximum  averaged  daily  ET  rates  were  about  2.5  mm/  day  for 
April,  May,  and  June.  The  availability  of  soil  water  significantly 
limited  ET  during  the  remainder  of  the  growing  season.  ET  values 
from  the  lysimeter  on  days  following  significant  precipitation 
reached  maximum  values  of  4.5  to  5.00  mm  in  the  summer  months. 

For  most  of  the  growing  season,  the  SPAW,  ERHYM,  and 
lysimeter  cumulative  ET  curves  were  parallel,  indicating  good 


agreement  on  daily  ET  rates  (Fig.  3).  The  CREAMS  ET  values 
were  a  little  higher  than  the  values  determined  by  the  other 
methods,  but  the  seasonal  dynamics  were  very  similar.  The  high  ET 
rates  measured  by  the  lysimeter  at  the  beginning  of  the  growing 
season  (Julian  days  124  to  128)  indicate  a  weakness  of  the  models  in 
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Fig.  3.  Model-predicted  and  lysimeter-measured  evapotranspiration.  Rey- 
nolds Creek.  1977. 

accounting  for  ET  under  some  weather  conditions.  Wet  cool 
weather  prevailed  during  the  period  Julian  day  121  to  131  with 
numerous  precipitation  events  totaling  about  5  cm  and  mean  daily 
temperatures  averaging  about  6°  C.  During  this  period  both  the 
lysimeter  and  the  evaporation  pan  measured  about  3  cm  of  ET  and 
evaporation,  respectively.  The  model-predicted  values  were  signif- 
icantly lower  than  the  lysimeter-measured  values.  Apparently,  the 
models  underpredicted  the  evaporation  from  an  essentially  free 
water  surface  that  occurred  during  this  period.  Also,  the  model  ETP 
may  have  been  unrealistically  low,  possibly  due  to  very  low 
temperatures. 

Comparisons  of  model-predicted  and  water-balance-calculated 
ET  for  the  area  adjacent  to  the  lysimeter  are  presented  in  Figures 
4a,  4b.  and  4c.  For  the  average  and  below-average  production 
years,  CREAMS  predicted  higher  ET  than  did  ERHYM  or  SPAW, 
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Fig.  4a.  Seasonal  evapotranspiration  as  determined  by  the  models 
and  water-balance  method.  Reynolds  Creek,  1977. 
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Fig.  4b.  Seasonal  evapotranspiration  as  determined  by  the  models 
and  water-balance  method.  Reynolds  Creek,  1979. 
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Fig.  4c.  Seasonal  evapotranspiration  as  determined  by  the  models 
and  water-balance  method.  Reynolds  Creek,  1978. 

which  were  in  general  agreement  with  the  field-measured  values. 
For  the  above-average  production  year  (1978),  both  CREAMS- 
and  SPAW-predicted  ET  were  in  good  agreement  with  the  field- 
measured  ET,  while  ERHYM-predicted  ET  was  slightly  lower 
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than  the  field-measured  ET.  Differences  in  ET  rates  were  most 
pronounced  early  in  the  growing  season  when  soil  water  was  most 
plentiful. 

The  CREAMS  ET  routine  allows  up  to  75%  of  the  available 
water  to  be  removed  before  water  content  limits  T  (Fig.  lb).  This  is 
reflected  by  a  higher  percentage  of  ET  attributed  to  T  by  the 
CREAMS  model  than  by  the  other  2  models  (Table  3).  By  allowinj^fc 
only  30%  of  the  available  soil  water  to  be  removed  before  watefl^ 
content  limits  T  as  suggested  by  de  Jong  and  MacDonald  (1975) 
for  native  grass,  ET  was  reduced  10%  during  the  first  60  days  of  the 
growing  season,  making  it  more  in  line  with  the  other  models  and 
field-measured  values.  Such  modifications  are  simple  to  make  and 
should  be  considered  before  applying  CREAMS  type  ET  routines 
to  rangeland  sites. 

The  models  partitioned  ET  into  E  and  T  somewhat  differently 
(Table  3).  The  SPAW  model  predicted  little  or  no  T  in  August  and 
September,  while  CREAMS  predicted  relatively  high  T  rates  dur- 
ing those  2  months.  These  extreme  values  probably  reflect  some  of 
the  difficulties  in  the  direct  application  of  cropland  ET  models  to 
rangeland  plant  communities.  Quantification  of  crop-developed 
parameters  such  as  leaf  area  index  and  phenological,  or  plant  cover 
curves  for  rangeland  conditions  would  realistically  take  a  little 
calibration  and  tuning. 

Model-predicted  ET  was  regressed  on  the  water  balance- 
calculated  ET  for  the  periods  that  coincided  with  the  soil  water 
measurements  (approximately  2-week  intervals)  and  the  coeffi- 
cients of  determination  (r2  values)  were  calculated  (Table  4).  The 
slopes  and  y-intercepts  of  the  regression  lines  indicate  that  SPAW 
and  ERHYM  simulated  ET  a  little  better  than  did  CREAMS. 
However,  with  some  adjustments  of  the  ET  controlling  parame- 
ters, all  models  may  have  been  equal  in  performance. 

As  would  be  expected,  the  model-predicted  and  field-measured 
ET  rates  all  approached  zero  at  the  end  of  the  season,  indicating 
that  all  available  water  had  been  evapotranspired.  For  semiarid 
rangeland,  this  is  normally  the  case  and  is  an  advantage  in  long- 
term  simulations  in  that  the  models  are  "zeroed  out"  each  year, 
preventing  cumulative  errors  in  soil  water  accounting. 

Conclusions 

All  3  models  appeared  to  be  functionally  capable  of  simulating 
ET  from  sagebrush-grass  rangelands.  Major  differences  in  the 
models'  performance  were  generally  at  the  beginning  of  the  grow- 
ing season  and  during  the  below-average  and  average  production 
years.  Performance  of  the  3  models  probably  could  have  been 
improved  by  tuning  or  calibration  through  the  adjustment  of  soil 
and  vegetation  parameters.  All  vegetation  parameters  were  based 
on  average  conditions  and  were  not  sensitive  to  the  annual  varia- 
tions of  a  native  plant  community.  Of  the  3  models  tested,  SPAW 
and  ERHYM  were  best  able  to  simulate  ET  from  the  study  site. 
Compared  to  SPAW  and  CREAMS,  ERHYM  is  simpler  to  oper- 
ate and  the  required  input  data  were  more  readily  available. 
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3ASIN  TRY.  .  .  TEST  FILE  USING  LOWER  SHEEP  WEATHER  DATA  4/10/86 
BASIN,  4  SOIL  LAYERS,  DAILY  PRINTOUT 
SWRBMAIL) 

NO    YRS  =     1 

BASIN  AREA  =    538.  200  KM**2 
AVE  A  RAINFALL/AVE  A  FOR  GAGE  =  1.000 
TP-40  RAINFALL  AMOUNTS  (10  YR  FREQ)  FOR  DUR 
0.  5  H  =   56.  OOMM 
6H=108.  OOMM 

5H  RAIN  = 


NO    YRS  RECORD  MAX 
SED  RT  COEF 

AGGRAATION  = 

DEGRAATION  = 
LATITUDE  =   35.  10DEG 
BASIN  LAG  TIME=   30.  OOD 


3.  0 


. 10000E-01 
27880E-03 


GENERATOR  CYCLES  = 


0 


0 


GENERATOR  SEEDS 

9 

98  915 

92 

135 

28  203 

35 

43 

54  619 

33 

645 

9  948 

65 

885 

41  696 

62 

51 

78  648 

0 

227 

57  929 

37 

205 

90  215 

31 

320 

73  631 

49 

BASIN  TRY.  .  .  TEST  FILE  USING  LOWER  SHEEP  WEATHER  DATA  4/10/86 
1  BASIN,  4  SOIL  LAYERS,  DAILY  PRINTOUT 

(SWRBMAIL) 
CLIMATE  DATA 

RAINFALL  DATA  USED  IN  THIS  RUN  ARE: 
**MEASURED  MULTIPLE  RAINGAGES** 

TEMPERATURE  DATA  USED  IN  THIS  RUN  ARE; 
**SIMULATED  SINGLE  TEMP** 


t 


-MO  RAIN  PROB — 

-MO  STATS  FOR  DAILY 

RAIN- 

W/D 

4/W 

MEAN 

ST  DV 

SKW  CF 

.  073 

300 

5. 

560 

7.  720 

1.  127 

.  120 

333 

5. 

490 

6.  810 

.  360 

.  132 

304 

8. 

360 

10.  080 

1.  220 

.  159 

417 

9. 

170 

11.  380 

.  730 

.  177 

427 

14. 

350 

21.  260 

2.  342 

■ 

.  224 

378 

11. 

280 

15.  700 

2.  953 

.  122 

346 

10. 

690 

13.  660 

1.  492 

.  178 

361 

9. 

910 

15.  010 

2.  S09 

.  197 

330 

16. 

050 

27.  480 

3.  861 

.  124 

393 

9. 

520 

10.  970 

.  380 

.  124 

342 

8. 

790 

13.  320 

2.  720 

.  125 

341 

4. 

490 

6.  960 

2.  629 

R5MX 

TMX 

1"MN 

RA 

CVT 

RAIN 

DAYP 

ALPH 

JAN 

8.  10 

8.  94    -; 

3.  48 

219. 

50 

.  34 

17. 

38 

3.  13 

.  40 

FEB 

11.  40 

1 1 .  60 

1.  78 

290. 

CO 

.  24 

24. 

30 

4.  43 

.  4S 

MAR 

28.  40 

16.  90      : 

3.  23 

370. 

30 

.  22 

41. 

28 

4.  94 

.  4?. 

<■ 


! 


APR 

25.  10 

23.  40 

9.  77 

453.  10 

.  15 

59.  03 

6.  44 

.  5C 

MAY 

42.  40 

27.  00 

14.  01 

511.  10 

.  12 

104.  93 

7.  31 

.  4Z 

JUN 

55.  40 

31.  60 

'l9.  30 

553.  50 

.  07 

89.  54 

7.  94 

.  57 

JUL 

39.  10 

34.  30 

21.  70 

544.  30 

.  06 

52.  11 

4.  87 

.  5C 

AUG 

28.  40 

32.  80 

20.  30 

501.  30 

.  06 

66.  86 

6.  75 

.  51 

SEP 

31.  70 

28.  40 

16.  90 

392.  50 

.  11 

109.  34 

6.  81 

.  31 

OCT 

22.  90 

23.  60 

9.  82 

332.  00 

.  14 

49.  98 

5.  25 

.  47 

NOV 

26.  70 

16.  50 

3.  58 

237.  20 

.  19 

41.  75 

4.  75 

.  42 

DEC 

13.  50 

10.  80 

-1.  46 

197.  40 

.  27 

22.  15 

4.  93 

.  5c 

YR 

25.  96 

22.  15 

9.  32 

383.  52 

.  16 

678.  66 

67.  55 

.  4£ 

BASIN  TRY.  .  .  TEST  FILE  USING  LOWER  SHEEP  WEATHER  DATA  4/10/86 
1  BASIN,  4  SOIL  LAYERS,  DAILY  PRINTOUT 

(SWRBMAIL) 
SUB-BASIN  DATA 


SUB-BASIN  AREA/BASIN  AREA 
.  297 

POND  CATCHMENT  AREA  FRACTION 
.  195 

POND  SURFACE  AREA (HA) 
141.  10 

MAX  POND  STORAGE (MM) 
24.  0 

INTIAL  POND  STORAGE(MM) 
20.  0 


40; 


INITIAL  SED  CONC  IN  PONDS(PPM) 


NORMAL  SED  CONC  IN  PONDS (PPM) 


400. 

SAT  CONDUCTIVITY  FOR  POND  AND  RESERVOIR  BOTTOMS (MM/H) 
.  08 

RESERVOIR  CATCHMENT  AREA  FRACTION 
.  200 

RESERVOIR  SURFACE  AREA  AT  EMERGENCY  SPILLWAY (HA) 
258.  57 

RESERVOIR  STORAGE  AT  EMERGENCY  SPILLWAY (MM) 
89.  0 

RESERVOIR  SURFACE  AREA  AT  PRINCIPAL  SPILLWAY(HA) 
74.  66 

RESERVOIR  STORAGE  AT  PRINCIPAL  SPILLWAY (MM) 
29.  1 

INITIAL  RESERVOIR  STORAGE(MM) 
.  0 


AVE  RESERVOIR  RELEASE  RATES (M**3/S/KM**2 ) 
.  13700 


' 


^ 


INITIAL  SED  CONC  IN  RESERVOIRS ( PPM ) 
0. 

*  NORMAL  SED  CONC  IN  RESERVOIRS ( PPM ) 

250. 

SAT  CONDUCTIVITY  OF  RESERVOIR  BOTTOMS  (MM/H) 
.  08 

2  COND  CN 
75.  0 

SOIL  ALBEDO 
.  15 

WATER  CONTENT  OF  SNOW  COVER  (MM) 
.  0 

MAIN  CHANNEL  LENGTH  (KM) 
21.  90      30.  20 

CHANNEL  SLOPE (M/M) 
.  0038      .  0023 

HYDRAULIC  CONDUCTIVITY  OF  CHANNEL  ALLUVIUM  (MM/H) 
ww  10.  000     10.  000 

a  CHANNEL  N  VALUE 

W        .   050       .  050 

OVERLAND  FLOW  N  VALUE 
.  050       .  050 

TRAVEL  TIME  FROM  SUB-BASIN  OUTLETS  TO  BASIN  OUTLET(H) 
6.  50 

TIME  OF  CONCENTRATION  FOR  SUB-BASINS (H) 
3.  29       4.  30 

RET  FLO  SED  CONC  (PPM) 
750. 

RET  FLO  TRAVEL  TIME(D) 
30.  000 

SLOPE  LENGTH(M) 
55. 

SLOPE  STEEPENESS(M/M) 
.  0800 

SOIL  ERODIBILITY  FACTORS  (K) 
.  31 

EROSION  CONTROL  PRACTICE  FACTORS(P) 
1.  00 

SLOPE  LENGTH  AND  STEEPNESS  FACTORS (LS) 
1.  42 


; 


- 


BASIN  TRY.  .  .  TEST  FILE  USING  LOWER  SHEEP  WEATHER  DATA  4/10/86 
1  BASIN,  4  SOIL  LAYERS,  DA.ILY  PRINTOUT 

(SWRBMAIL) 
SOILS  DATA 


ST 
NO 
1 
2 
3 
4 
TOTALS 


LAYER 

DEPTH 
(MM) 
10.  0 

150. 

510. 

S40. 


0 
0 
0 


POROSITY 
(MM/MM) 
.  47 
.  47 
.  42 
.  40 


15  BAR 
SW 

(MM/MM) 
.  09 
.  09 
.  14 


.  3  BAR 
SW 

(MM/MM) 
.  28 
.  28 
.  33 
.  41 


AVAIL 
W  ST 
(MM) 
1.  9 
26. 
68. 


159. 


NITIAL 

SAT 

W  ST 

COND 

(MM) 

(MM/H) 

.  5 

16.  C 

6.  8 

16.  C 

17.  4 

15.  C 

16.  0 

12.  C 

40.  6 

MEDIAN  SED.  PART  SIZE  =       IS.  36 

INITIAL  COMPOSITE  ST  =     12.  1  MM 

BASIN  TRY.  .  .  TEST  FILE  USING  LOWER  SHEEP  WEATHER  DATA  4/10/86 
1  BASIN,  4  SOIL  LAYERS,  DAILY  PRINTOUT 
(SWRBMAIL) 

CROP  DATA 


SUB-EASIN 
1 


PLANTING  DATE  =   3/15 
HARVEST  DATE  =   9/15 
TILLAGE  OPERATION  =FALL  PLOW 
POT  HEAT  UNITS  =   4136.  C 
AVE  C  FACTOR  =        .  200 
MAX  LAI  =   3.  0 

TEST  FILE  USING  LOWER  SHEEP  WEATHER  DATA  4/10/86 


BASIN  TRY.  . 

1  BASIN,  4  SOIL  LAYERS,  DAILY  PRINTOUT 


(SWRBMAIL) 

SUB 

WATER 

PERCO 

TRANS 

R 

SURQ 

SUR  Q 

YIELD 

LATE 

LOSSES 

ET 

Y 

SW 

(MM) 

(MM) 

(MM) 

(MM) 

(MM) 

(MM) 

(MM) 

(T/HA) 

(SW) 

1 

21.  9 

.  0 

.  0 

.  0 

.  2 

.  0 

13.  6 

.  0 

20.  2 

2 

5.  3 

.  0 

.  0 

.  0 

.  0 

.  0 

7.  2 

.  0 

18.  3 

3 

22.  1 

.  0 

.  1 

.  1 

.  0 

.  0 

16.  4 

.  0 

23.  8 

4 

9.  0 

.  0 

.  1 

.  1 

.  0 

.  0 

10.  4 

.  0 

22.  4 

5 

8.  9 

.  0 

.  1 

.  0 

.  0 

.  0 

12.  9 

.  0 

18.  4 

6 

21.  0 

.  0 

.  0 

.  0 

.  4 

.  0 

29.  4 

.  0 

9.  5 

7 

8.  6 

.  0 

.  1 

.  1 

.  3 

.  0 

17.  8 

.  0 

.  0 

8 

3.  7 

.  0 

.  0 

.  0 

.  3 

.  0 

3.  4 

.  0 

.  1 

9 

14.  3 

.  0 

.  0 

.  0 

.  5 

.  0 

7.  7 

.  0 

6.  2 

10 

14.  2 

.  0 

.  0 

.  0 

.  6 

.  0 

14.  5 

.  0 

5.  3 

11 

19.  0 

.  0 

.  0 

.  0 

.  7 

.  0 

10.  1 

.  0 

13.  4 

12 

15.  9 

.  0 

.  1 

.  1 

.  1 

.  0 

14.  4 

.  0 

14.  7 

164. 


0 


3.  1 


157.  7 


14.  7 


BASIN  TRY.  .  .  TEST  FILE  USING  LOWER  SHEEP  WEATHER  DATA  4/10/86 
1  BASIN,  4  SOIL  LAYERS,  DAILY  PRINTOUT 

(SWRBMAIL) 
FINAL  VALUES 


" 


■ 


-UB-EASIN 
NO 

1 


^ 


SOIL  WATER  FOR  LAYER  NO 


12      3      4    TOT 
.  0   20.  7   27.  1    1.6   49.  5 
FINAL  COMPOSITE  ST  =-•     14.7  MM 
MIN  INDIVIDUAL  WATER  ST  = 


0  MM 


FINAL  CONTENTS 
•PONDS RESERVOIRS- 


WATER 
SUB -BASIN  VOL 
NO       ( MM ) 
1        1.  6 


SED 
CONC 
(PPM) 
400.  1 


WATER 
VOL 
(MM) 
1.  6 


FINAL  COMPOSITE  POND  ST  = 


SED 

CONC 

(PPM) 

250.  2 

1.  58  MM 


FINAL  COMPOSITE  RESERVOIR  ST  = 


1.  61  MM 


GENERATOR  SEEDS 

9 

S42   35 

668 

405 

28  481 

85 

43 

54   68 

96 

17 

27  948 

60 

8S5 

41  696 

539 

773 

220   79 

0 

627 

57  929 

37 

54 

91   65 

4 

320 

37  631 

49 

SOIL  WATER  BALANCE  = 


-  209207E+00  MM 


POND  BALANCE 

Q  =       .  659112E-05  MM 


Y    = 


-.  290662E-08    T/HA 


RESERVOIR    BALANCE 

Q    =  -.  672036E-06    MM 


Y  = 


OOOOOOE+00  T/HA 


BASIN  TRY.  .  .  TEST  FILE  USING  LOWER  SHEEP  WEATHER  DATA  4/10/86 
1  BASIN,  4  SOIL  LAYERS,  DAILY  PRINTOUT 

(SWRBMAIL) 
SUB-BASIN  STATISTICS 


AVE  ANNUAL  VALUES 

SUB 
SUB-BASIN  RAIN      SUR  Q      SUR  Q 
MO       (MM)        (MM)        (MM) 
1      552.  8         .0        2.  6 


Y 
(T/HA) 
.  0 


TOTAL 
BIOMASS 
(KG/HA) 

5778.  5 


3ASIN  STATISTICS 


.< 


STD  DEV  OF  RAIN  STORMS 
5.  584 


CN — MEAN  -  58.  965 


MAX  =  73.  302 


MIN  =  56.  274 


PR ED  PK  FLOW 

MEAN  =       .  007  M**3/S      ST  DEV  =       .  000  M**3/S 
MEAN  PK/VQL  =      1. 345  M**3/S/MM      NO  PKS  =         1 


MAX  ■■=  .  007  M#*3/S 

PR ED  MO  WATER  YLD 

MEAN  =      .04  MM 
ST  DEV  -  .  03  MM 

BASIN  TRY:  .  .  TEST  FILE  USING  LOWER  SHEEP  WEATHER  DATA  4/10/86 
1  BASIN,  4  SOIL  LAYERS,  DAILY  PRINTOUT 
(SWRBMAIL) 

AVE  ANNUAL  BASIN  VALUES 


PRECIP  =     3  64.  2  MM 

SNOW  FALL  =    14. 

35  MM 

SNOW  MELT  =     12.  03  MM 

PRED  SURFACE  Q  = 

.01  Mi* 

1 

SUB-SUR  Q  = 

64  MM 

PRED  H20  YLD  = 

.  51  MM 

DEEP  PERC  =     3. 

10  MM 

ET  =     157.  7  MM 

TRANS  LOSSES  = 

.  00  MM 

TOTAL  SUB-BASIN  SED  YLD  - 

004  T/HA 

BASIN  SED  YLD  = 

. 003  T/HA 

POND  BUDGET 

EVAPORATION 

15.849 

MM 

SEEPAGE  = 

11.  971  MM 

RAINFALL  ON 

POOL  =    9. 

375 

MM 

INFLOW 

Q  ■ 

.  023  MM 

Y  = 

.  001  T/HA 

OUTFLOW 

Q  = 

.  000  MM 

Y  = 

.  000  T/HA 

RESERVOIR  BUDGET 

EVAPORATION 

.  471 

MM 

SEEPAGE  = 

. 308  MM 

RAINFALL  ON 

POOL  = 

.  23C 

)  MM 

INFLOW 

Q  = 

2.  159  MM 

Y  = 

.  017  T/HA 

OUTFLOW 

Q  = 

.  000  MM 

Y  = 

.  000  T/HA 

YIELD  LOSS  FROM  PONDS 

Q  =     .  001 

MM 

Y  =     .  004 

T/HA 

YIELD  LOSS  FROM  RESERVOIRS 

Q  =     .128 

MM 

Y  =     .001 

T/HA 

- 


3ASIN  TRY.  .  .  TEST  FILE  USING  LOWER  SHEEP  WEATHER  DATA  4/10/86 
1  BASIN,  4  SOIL  LAYERS.  DAILY  PRINTOUT 
(SWRBMAIL) 

NO  YRS  =     1 

DASIN  AREA  -    538.  TOO  KM**2 

AVE  A  RAINFALL/AVF  A  FOR  GAGE  -  1.000 

TP-40  RAINFALL  AMOUNTS  (10  YR  FREQ)  FOR  DUR 

0.  5  H  -   36.  OONM 

6H=103.  OOMM 
NO  YRS  RECORD  MAX   5H  RAIN  =   3.  0 
SED  RT  COEF 

AGGPAATION  =      .  10000E-01 

DEGRAATION  =    .  27880E-03 
LATITUDE  =   35.  10DEG 
BASIN  LAG  TIME^   30.  OOD 


GENERATOR  CYCLES 


GENERATOR  SEEDS 

9 

98  915 

92 

135 

28  203 

35 

43 

54  619 

33 

645 

9  74  8 

65 

885 

41  696 

62 

51 

78  648 

0 

227 

57  929 

37 

205 

90  215 

31 

320 

73  631 

49 

BASIN  TRY...  TEST  FILE  USING  LOWER  SHEEP  WEATHER  DATA  4/10/86 
1  BASIN.  4  SOIL  LAYERS.  DAILY  PRINTOUT 

(SWRBMAIL) 
CLIMATE  DATA 

RAINFALL  DATA  USED  IN  THIS  RUN  ARE: 
♦♦MEASURED  MULTIPLE  RAINGAGES** 

TEMPERATURE  DATA  USED  IN  THIS  RUN  ARE; 
♦♦SIMULATED  SINGLE  TEMPtH* 


- 

10  RAIN  PROB — 

-MO  STATS  FOR  DAILY 

RAIN- 

1 

4/D 

4/W 

MEAN 

ST  DV 

SKW  CF 

078 

300 

5.  560 

7.  720 

1.  127 

120 

333 

5.  490 

6.  310 

.  360 

132 

304 

8.  360 

10.  030 

1.  220 

159 

417 

9.  170 

11.  330 

.  730 

177 

427 

14.  350 

21.  260 

2.  342 

224 

373 

11.  280 

15.  700 

2.  953 

122 

346 

10.  690 

13.  660 

1.  492 

178 

361 

9.  910 

15.  010 

2.  309 

197 

330 

16.  050 

27.  480 

3.  861 

124 

393 

9.  520 

10.  970 

.  330 

124 

342 

3.  790 

13.  320 

2.  720 

125 

341 

4.  490 

6.  960 

2.  629 

R5MX 

TMX 

rMN 

RA 

CVT 

RAIN 

DAYP 

ALPH 

JAN 

8.  10 

8.  94 

3.  48 

219.  50 

.  34 

17. 

38 

3.  13 

.  40 

FEB 

11.  40 

1 1 .  60 

1.  78 

290.  CO 

.  24 

24. 

30 

4.  43 

.  49 

MAR 

28.  40 

16.  90 

3.  23 

370. 30 

.  22 

41. 

28 

4.  94 

.  45 

APR  25.10  23.40  9.77  153.10  .15  59.03  6.44  .53 

MAY  42.40  27.00  14  01  511.10  .12  104.93  7  31  .45 

JUN  55.40  31.60  1^  30  553.50  07  89.54  7.94  57 

JUL  39.  10  34.  30  21.  70  544.  30  .  06  52.  11  4.  37  .59 

AUG  28.  40  32.  80  20.  30  501.  30  .  06  66.  86  6.  75  .51 

SEP  31.70  28.40  16.90  392.50  .11  109.34  6.81  .31 

OCT  22.  90  23.  60  9.  32  332.  00  14  49.  98  5.  25  .  47 

NOV  26.70  16.50  3.58  237.20  .19  41.75  4.75  -.42 

DEC  13.50  10.80  -1.46  197.40  .27  22.15  4.93  .56 

YR  25.  96  22.  15  9.  32  333.  52  .  16  678.  66  67.  55  .  48 

3ASIN  TRY.  .  TEST  FILE  USING  LOWER  SHEEP  WEATHER  DATA  4/10/86 
1  BASIN,  4  SOIL  LAYERS,  DAILY  PRINTOUT 

(SWR EMAIL) 
SUB-BASIN  DATA  "  * 

SUB-BASIN  AREA/BASIN  AREA 
.  297 

POND  CATCHMENT  AREA  FRACTION 
.  195 

POND  SURFACE  AREA (HA) 
141.  10 

MAX  POND  STORAGE (MM) 
24.  0 

INTIAL  POND  STORAGE (MM) 
20.  0 

INITIAL  SED  CONC  IN  PONDS(PPM) 
402. 

NORMAL  SED  CONC  IN  PONDS(PPM) 
400. 

SAT  CONDUCTIVITY  FOR  POND  AND  RESERVOIR  BOTTOMS(MM/H) 
.  08 

RESERVOIR  CATCHMENT  AREA  FRACTION 
.  200 

RESERVOIR  SURFACE  AREA  AT  EMERGENCY  SPILLWAY (HA) 
258.  57 

RESERVOIR  STORAGE  AT  EMERGENCY  SPILLWAY(MM) 
89.  0 

RESERVOIR  SURFACE  AREA  AT  PRINCIPAL  SPILLWAY(HA) 

74.  66 

RESERVOIR  STORAGE  AT  PRINCIPAL  SPILLWAY(MM) 

29.  1 

INITIAL  RESERVOIR  STORAGE(MN) 
.  0 

AVE  RESERVOIR  RELEASE  RATES(M**3/S/KM**2) 
.  13700 


r 


L- 


INITIAL  SED  CONC  IN  RESERVOIRS (PPM ) 
0. 

NORMAL  SED  CONC  IN  RESERVOIRS( PPM) 
250. 

SAT  CONDUCTIVITY  OF  RESERVOIR  BOTTOMS  (MM/H) 
.  08 

2  COND  CN 
75.  0 

SOIL  ALBEDO 
.  15 

WATER  CONTENT  OF  SNOW  COVER.  (MM) 
.  0 

MAIN  CHANNEL  LENGTH  (KM) 
21.  90      30.  20 

CHANNEL  SLOPE (M/M) 
.  0038      .  0023 

HYDRAULIC  CONDUCTIVITY  OF  CHANNEL  ALLUVIUM  (MM/H) 
10.  000     10.  000 

CHANNEL  N  VALUE 
.  050       .  050 

OVERLAND  FLOW  N  VALUE 
. 050       .  050 

TRAVEL  TIME  FROM  SUB-BASIN  OUTLETS  TO  BASIN  OUTLET(H) 
6.  50 

TIME  OF  CONCENTRATION  FOR  SUB-BASINS(H) 
3.  29       4.  30 

RET  FLO  SED  CONC  (PPM) 
750. 

RET  FLO  TRAVEL  TIME(D) 
30.  000 

SLOPE  LENGTH (M) 
55. 

SLOPE  STEEPENESS(M/M) 
.  0800 

SOIL  ERODIBILITY  FACTORS  (K) 
.  31 

EROSION  CONTROL  PRACTICE  FACTORS(P) 
1.  00 

SLOPE  LENGTH  AND  STEEPNESS  FACTORS (LS) 
1.  42 


BASIN  TRY.  .  .   TEST  FILE  USING  LOWER  SHEEP  WEATHER  DATA  4/10/36 
1  BASIN,  4  SOIL  LAYERS,  DAILY  PRINTOUT 

(SWRBMAIL) 
SOILS  DATA 


LAYER 

15  HAR 

.  3 

BAR 

AVAIL 

INITIAL 

SAT 

ST 

DEPTH 

POROSITY 

SW 

SW 

W  ST 

W  ST 

COND 

NO 

(MM) 

(MM/ MM) 

(MM /MM) 

(MM/MM) 

(MM) 

(MM) 

(MM/H) 

1 

10.  0 

.  47 

.  09 

.  28 

1.  9 

.  5 

16.  0 

2 

150.  0 

.  47 

.  09 

.  28 

26.  6 

6.  8 

16.  0 

3 

510.  0 

.  42 

.  14 

.  33 

68.  4 

17  4 

15.  0 

4 

840.  0 

.  40 

.  22 

.  41 

62.  7 

16.  0 

12.  0 

TOTALS 

159.  6 

40.  6 

MEDIAN 

SED.  PART 

SIZE  = 

18.  36 

INITIAL  COMPOSITE  ST  = 


i; 


1  MM 


BASIN  TRY.  .  .  TEST  FILE  USING  LOWER  SHEEP  WEATHER  DATA  4/10/86 
1  BASIN,  4  SOIL  LAYERS,  DAILY  PRINTOUT 
(SWRBMAIL) 

CROP  DATA 


SUB-BASIN 

1       PLANTING  DATE  =   3/15 
HARVEST  DATE  =   9/15 
TILLAGE  OPERATION  =FALL  PLOW 
POT  HEAT  UNITS  =   4136.  C 
AVE  C  FACTOR  =        .  200 
MAX  LAI  =   3.  0 

BASIN  TRY.  .  .  TEST  FILE  USING  LOWER  SHEEP  WEATHER  DATA  4/10/86 
1  BASIN,  4  SOIL  LAYERS,  DAILY  PRINTOUT 


(SWRBMAIL) 

SUB 

WATER 

PERCO 

TRANS 

R 

SURQ 

SUR  Q 

YIELD 

LATE 

LOSSES 

ET 

Y 

SW 

(MM) 

(MM) 

(MM) 

(MM) 

<  MM ) 

(MM) 

(MM) 

(T/HA) 

(SW) 

1 

21.  9 

.  0 

.  0 

.  0 

.  2 

.  0 

13.  6 

.  0 

20.  2 

2 

5.  3 

.  0 

.  0 

.  0 

.  0 

.  0 

7.  2 

.  0 

18.  3 

3 

22.  1 

.  0 

.  1 

.  1 

.  0 

.  0 

16.  4 

.  0 

23.  8 

4 

9.  0 

.  0 

.  1 

.  1 

.  0 

.  0 

10.  4 

.  0 

22.  4 

5 

a.  9 

.  0 

.  1 

.  0 

.  0 

.  0 

12.  9 

.  0 

18.  4 

6 

21.  0 

.  0 

.  0 

.  0 

.  4 

.  0 

29.  4 

.  0 

9.  5 

7 

8.  6 

.  0 

.  1 

.  1 

.  3 

.  0 

17.  8 

.  0 

.  0 

8 

3.  7 

.  0 

.  0 

.  0 

.  3 

.  0 

3.  4 

.  0 

.  1 

9 

14.  3 

.  0 

.  0 

.  0 

.  5 

.  0 

7.  7 

.  0 

6.  2 

10 

14.  2 

.  0 

.  0 

.  0 

.  6 

.  0 

14.  5 

.  0 

5.  3 

11 

19.  0 

.  0 

.  0 

.  0 

.  7 

.  0 

10.  1 

.  0 

13.  4 

12 

15.  9 

.  0 

.  1 

.  1 

.  1 

.  0 

14.  4 

.  0 

14.  7 

1962 

164.  2 

.  0 

.  6 

.  5 

3.  1 

.  0   1 

57.  7 

.  0 

14.  7 

BASIN  TRY...  TEST  FILE  USING  LOWER  SHEEP  WEATHER  DATA  4/10/86 
1  3ASIN,  4  SOIL  LAYERS,  DAILY  PRINTOUT 

(SWRBMAIL) 
FINAL  VALUES 


- 


SUB-BASIN 
NO 


SOIL  WATER  FOR  LAYER  NO 


12      3      4    TOT 
.0   20.  7   27.  1    1.6   49.  5 
FINAL  COMPOSITE  ST  =     14.  7  MM 
MIN  INDIVIDUAL  WATER  ST  = 


0  MM 


FINAL  CONTENTS 


PONDS 

WATER      SED 
SUQ-BASIN  VOL      CONC 
NO       (MM)     (PPM) 
1         1.  6     400.  1 


RESERVOIRS 


WATER 
VOL 
(MM) 
1.  6 


FINAL  COMPOSITE  POND  ST  = 


SED 
CONC 
(PPM) 
250.  2 

I.  53  MM 


FINAL  COMPOSITE  RESERVOIR  ST  - 


1.  61  MM 


GENERATOR  SEEDS 

9  842  35  668 

405   28  481  85 

43   54  68  96 

17   27  948  60 

885   41  676  539 

773  220  79  0 

627   57  929  37 

54   91  65  4 

320   37  631  49 

SOIL  WATER  BALANCE  = 

POND  BALANCE 

Q  =       .  659112E-05  MM 

RESERVOIR  BALANCE 

Q  =      -.  672036E-06  MM 


-  209207E+00  MM 

Y  =      -.  290662E-08  T/HA 


Y  = 


. OOOOOOE+OO  T/HA 


BASIN  TRY.  .  .  TEST  FILE  USING  LOWER  SHEEP  WEATHER  DATA  4/10/86 
1  BASIN,  4  SOIL  LAYERS.  DAILY  PRINTOUT 

(SWRBMAIL) 
SUB-BASIN  STATISTICS 

AVE  ANNUAL  VALUES 

SUB  TOTAL 

SUB-BASIN  RAIN      SUR  Q      SUR  Q  Y      BIOMASS 

NO       (MM)        (MM)        (MM)  (T/HA)   (KG/HA) 

1      552.  3         .0        2.  6  .0     5778.  5 


BASIN  STATISTICS 


STD  DEV  OF  RAIN  STORMS 
5.  584 


CN — MEAN  =  58.  965 


MAX  =  73.  302 


MIN  =  56.  274 


PRED  PK  FLOW 

MEAN  =       .  007  M*-*3/S      ST  DEV  =       .  000  M**3/S 
MEAN  PK/VOL  =      1. 345  M**3/S/MM      NO  PKS  =         1 


> 


MAX  = 


007  M**3/S 


PRED  MO  WATER  YLJ) 

MEAN  ^      .  04  MM 
ST  DEV  =      .  03  MM 

BASIN  TRY.  .    TEST  FILE  USING  LOWER  SHEEP  WEATHER  DATA  4/10/86 
1  BASIN.  4  SOIL  LAYERS,  DAILY  PRINTOUT 
(SWRBMAIL) 

AVE  ANNUAL  BASIN  VALUES 


PRECIP  = 
SNOW  FALL  = 
SNOW  MELT  = 
PRED  SURFACE  Q  = 
SUB-SUR  Q  - 
PRED  H20  YLD  = 
DEEP  PERC  =  3 
ET  =  157. 7  MM 
TRANS  LOSSES  = 


164.  2  MM 
14.  35  MM 
12.  03  MM 

.  01  MM 
64  MM 

.  51  MM 


10  MM 


00  MM 


TOTAL  SUB-BASIN  SED  YLD  - 

.  004  T/HA 

BASIN  SED  YLD  = 

. 003  T/HA 

POND  BUDGET 

EVAPORATION 

15.349 

MM 

SEEPAGE  = 

11.  971  MM 

RAINFALL  ON 

POOL  =    9. 

375  MM 

INFLOW 

Q  s 

.  023  MM 

Y  = 

. 001  T/HA 

OUTFLOW 

Q  = 

. 000  MM 

Y  = 

.  000  T/HA 

RESERVOIR  BUDGET 

EVAPORATION 

.471 

MM 

SEEPAGE  = 

. 303  MM 

RAINFALL  ON 

POOL  = 

.  230  MM 

INFLOW 

Q  = 

2.  159  MM 

Y  = 

.  017  T/HA 

OUTFLOW 

Q  = 

. 000  MM 

Y  = 

.  000  T/HA 

YIELD  LOSS  FROM  PONDS 

Q  =     .001 

MM 

Y  =     .  004 

T/HA 

YIELD  LOSS  FROM  RESERVOIRS 

Q  =     .  128 

MM 

Y  =     .001 

T/HA 

- 


*  ENTERACT 

* 

*  INTERACTIVE    DATA    INPUT    SYSTEM       PC    VERSION    0  2/12/86 

*  F    0    R         S    W    R    R    B 
* 

SECTION  1   — TITLE  CARDS 
ENTER  TITLE  1 : 

•  DEM ON STRATI  ON  OF  SWRRB  DATA  ENTRY  PROGRAM 
ENTER  TITLE  2: 

•  SAMPLE  DATA 
ENTER  TITLE  3: 

•REYNOLDS  CREEK,  IDAHO   AGRICULTURAL  RESEARCH  SERVICE 
SECTION  2   — PROGRAM  CONTROL  CARDS 
NUMBER  OF  YEARS  OF  RUNOFF  SIMULATION 

•  1 

BEGINNING  YEAR  OF  RUNOFF  SIMULATION 

•  1  972 

NUMBER  OF  3UEAREAS  IN  BASIN 

•  2 

NUMBER  OF  SOIL  LAYERS 

•  4 

PRINT  CODE       0  =  MONTHLY 

1  =  DAILY    2  =  ANNUAL 

•  0 

RAINFALL  INPUT  CODE    1=MEASURED  SINGLE    2=SIMULATED  SINGLE 

3=MEASURED  MULTIPLE  4=3IMULATED  MULTIPLE 


•  1 

TEMPERATURE  INPUT  CODE 
1=MEAS  MAX/MIN   2=SIM  SINGLE   3=SIM  MULT  I 

•  1 

NUMBER  OF  TIMES  RANDOM  NUMBER  GEN  CYCLES  BEFORE  SIMULATION  BEGINS 

•  0 

CODE  HYDROGRAPH  UNIT   0  =  SKIP  HYD .  CALCULATION 

1  =  CALCULATE  &  PRINT  HYDROGRAPH 

•  0 

WAS  LAST  VALUE  CORRECT  AND  OK  TO  WRITE?  <Y/N) 
11972    2    4    0    110    0 

•  Y 

SECTION  3   — GENERAL  DATA 

BASIN  AREA  KM** 2 

•  533 

RAINFALL  CORRECTION 

(RATIO  OF  AVERAGE  ANNUAL  RAINFALL  TO  AVERAGE  ANNUAL  FOR  GAGE) 


! 


•  l.o  £/ 


^  i 


I 


c 


TP-40  TEN  YEAR  FREQUENCY  0.5  HOUR  RAINFALL 


(MM; 


0 


•  1  9  ' 

TP-40  TEN  YEAR  FREQUENCY  6.0  HOUR  RAINFALL 


( MM  ) 


•  44.5 

NUMBER    OF    YEARS    OF    MAXIMUM    MONTHLY     .5    HOUR    RAINFALL    RECORD 

•  31 

S  E  D I M ENT    R  0  UT I N  G    C  0  E  F  F I C I ENT    < A  6 G R A  DAT I  ON ) ' 


65T  WfcM 

5TATt<*/ 
USTS 

AfFf*JWJr 


•  -01  I  USE   coflltfMrtTS 
SEDIMENT    ROUTING    COEFFICIENT    (DEGGRADATION)  fjftfew  HtAt 

•  .0002788 
LATITUDE    OF   WATERSHED 


DEC 


•  43.57 

BASIN    LAG    TIME 

#  2 


<D) 


9 


FRACTION  OF  FIELD  CAPACITY 
(0.0  ALLOWS  SWRRB  TO  ESTIMATE; 
♦  0.0 

WAS  LAST  VALUE  CORRECT  AND  OK  TO  WRITE?  (Y/N; 

533.00    1.00   19.00   44.50   31.00     .01     .00   43.57    2.00     .00 
•  Y 

WILL  YOU  BE  ACCESSING  THE  WEATHER  FILE?  (Y/N) 
,  y      &   hlo   ae  pt2*fiAf&i>  to  *j*or   (+>eATH?it.  ^f&* 

WEATHER  RETRIEVER      ENTER  4  NUMBER  CODE  TO  SEARCH  FOR  : 
00  32   <$ —  <3er  FROM   CJTyLi^r.  hJt\T?,/^&^ 

32        I D   POCATELLO 
AVERAGE  MONTHLY  MAXIMUM/MINIMUM  TEMPERATURES 
-.2    2.5    7.3   15.4   20.7   25.4   32.0   30.3   25.0   17.7 
-10.6   -7.9   -3.6     .7    4.?    8.7   12.3   11.5    6.4 
COEFFICIENT  OF  VARIANCE  FOR  MONTHLY  TEMPERATURE 
.42    .30    .24    .14    .12    .10    .07    .16    .10    .14    .21    .3 
AVERAGE  MONTHLY  SOLAR  RADIATION 
162.   239.   354.   461.   551.   591.   601.   539.   431.   285.   175.   13C 

MONTHLY  MAXIMUM  . 5H  RAIN  FOR  PERIOD  OF  RECORD  (MM) 
2.03   3.05   2.79   3.05   3.56   7.87  12.70   3.31   4.57  13.72   3.05   1.7 
MONTHLY  PROBABILITY  OF  WET  DAY  AFTER  DRY  DAY/ WET  DAY  AFTER  WET  DAY 


7.4    2. 
1.3   -4.2   -7. 


1  1 


.230   .213 
.479   .380 


.194   .169   .095   .107   .099   .110 


503   .50  9   .236 


.360 


.194   .25 
.450   .34 


MONTHLY  MEAN  OF  DAILY  RAINFALL  EVENTS 
2.29   2.03   2.0  3   3.31   3.30   3.31   2.54   3.56   3.0  5   3.31   2.79 

MONTHLY  STANDARD  DEVIATION  OF  DAILY  RAINFALL  EVENTS 
3.0  5   2.54   2.03   3.31   4.57   4.33   3.31   4.33   4.06   4.33   3.30 

MONTHLY  SKEW  OF  DAILY  RAINFALL  EVENTS 
3.0  4   2.33   2.14   1.93   2.93   2.11   3.75   2.24   3.0  0   3.21   2.43 


2.2 


*****-THE  WEATHER  PORTION  OF  YOUR  FILE  HAS  BEEN  WRITTEN  **** 


FRACTION  OF  BASIN  IN  EACH  SUBAREA 


.6 
.4 


( ONE  VALUE/SUB-BAS I N ) 
(FREE  FORMAT) 


WAS  LAST  VALUE  CORRECT  AND  OK  TO  WRITE?  (Y/N) 
RECORD  TO  WRITE: 
.600     .400 


> 


i 


j 

J) 

J> 
J 
0 
J 


CITYL 

1ST.  DAT;  1 

GA 
0031 

SAVANAH 

0001 

ID 

BOISE 

AL 

BIRMINGHAM 

0032 

0002 

ID 

POCATELLO 

AL 

MOBILE 

0033 

0003 

IL 

CHICAGO 

AL 

MONTGOMERY 

0034 

0004 

IN 

EVANSVILLE 

AR 

FORT  SMITH 

0035 

0005 

IN 

FORT  WAYNE 

AR 

LITTLE  ROCK 

0036 

0006 

IN 

INDIANAPOLIS 

AZ 

FLAGSTAFF 

0G37 

0007 

IA 

DES  MOINES 

AZ 

PHOENIX 

0038 

0008 

IA 

DUBUQUE 

AZ 

YUMA 

0039 

0009 

KS 

DODGE  CITY 

CA 

3AKERSFIELD 

0040 

0010 

KS 

TOPEKA 

CA 

BLUE  CANYON 

0041 

0011 

KS 

WICHITA 

CA 

EUREKA 

0042 

0012 

KY 

LEXINGTON 

CA 

FRESNO 

0043 

0013 

KY 

LOUISVILLE 

CA 

MT.  SHASTA 

0044 

0014 

LA 

BATON  ROUGE 

CA 

SAN  DIEGO 

0045 

0015 

LA 

NEW  ORLEANS 

CA 

SAN  FRANCISCO 

0046 

0016 

LA 

SHREVEPORT 

CO 

COLORADO  SPRINGS 

0047 

0017 

ME 

CARIBOU 

CO 

DENVER 

0048 

0018 

ME 

PORTLAND 

CO 

GRAND  JUNCTION 

0049 

0019 

MD 

BALTIMORE 

CO 

PUEBLO 

0050 

0020 

MA 

BOSTON 

CT 

HARTFORD  (WINDSOR  LOCKS.' 

0051 

0021 

i 

MA 

NANTUCKET 

DE 

WILMINGTON 

0052 

0022 

MI 

DETROIT 

DC 

WASHINGTON 

0053 

0023 

MI 

GRAND  RAPIDS 

FL 

JACKSONVILLE 

0054 

0024 

MN 

DULUTH 

FL 

MIAMI 

C055 

0025 

MN 

MINNEAPOLIS 

FL 

TALLAHASSEE 

0056 

0026 

MS 

JACKSON 

FL 

TAMPA 

0057 

0027 

MO 

COLUMBIA 

GA 

GEORGIA 

0058 

002B 

MO 

KANSAS  CITY 

6A 

AUGUSTA 

0059 

0029 

MO 

ST.  LOUIS 

GA 

MACON 

0030 

Page     1 


0060 

MT 

BILLINGS 

0061 

MT 

GREAT  FALLS 

0062 

MT 

HAVRE 

0063 

MT 

HELENA 

0064 

MT 

KALI SPELL 

0065 

MT 

MILES  CITY 

0066 

NE 

GRAND  ISLAN) 

0067 

NE 

NORTH  PLATTE 

0068 

NE 

SCOTTSBLUFF 

0069 

NV 

ELKO 

0070 

NV 

LAS  VEGAS 

0071 

NV 

RENO 

0072 

NV 

WINNEMUCCA 

0073 

NH 

CONCORD 

0074 

NH 

MT.  WASHING" 

0075 

NJ 

NEWARK 

0076 

NM 

ALBUQUERQUE 

0077 

NM 

ROSWELL 

0078 

NY 

ALBANY 

0079 

NY 

BUFFALO 

0080 

NY 

NEW  YOHK 

ooei 

NY 

SYRACRUSE 

0082 

NC 

ASHEVILLE 

ooe3 

NC 

GREENSBORO 

0084 

NC 

RALEIGH 

0085 

ND 

BISMARCK 

ooe6 

ND 

WILLISTON 

0087 

OH 

CLEVELAND 

0088 

OH 

COLUMBUS 

£3 


* 


* 


CITYLIST.  DAT;  1 
GO  81 

OH   TOLEDO 
0090 

OK   OKLAHOMA  CTTY 
0091 

OK   TULSA 
0092 

OR   BURNS 
0093 

OR   MEACHUM 
0094 

OR   MEDFORD 
0095 

OR   PENDLETON 
0096 

OR   PORTLAND 
0097 

OR   SALEM 
0098 

OR   SEXTON  SUMMIT 
0099 

PA   PHILADELPHIA 
0100 

PA   PITTSBURGH 

01G1 

RI   PROVIDENCE 

0102 

SC   CHARLESTON 

0103 

SC   COLUMEIA 
0104 

SD   HURON 
0105 

SD   RAPID  CITY 
0106 

TN   CHATTONOOGA 

0107 

TN   KNOXVILLE 
010S 

TN   MEMPHIS 
0109 

TN   NASHVILLE 
0110 

TX   AMARILLO 
0111 

TX   AUSTIN 
0112 

TX   BROWNSVILLE 

0113 

TX   CORPUS  CHRIST I 
0114 

TX   DALLAS 
0115 

TX   EL  PASO 
0116 

TX   GALVESTON 
0117 

TX   HOUSTON 
OUS 

TX   SAN  ANTONIO 


CITYLIST.  DAT;  i 

0119 

TX   WACO 
0120 

UT   MILFORD 
0121 

UT   SALT  LAKE  CITY 
0122 

VA   NORFOLK 
0123 

VA   RICHMOND 
0124 

WA   OLYMPIA 
0125    -  - 

WA   SPOKANE 
0126 

WA   STAMPEDE  PASS 
0127 

WA   WALLA  WALLA 
012S 

WA   YAKIMA 
0129 

WV   CHARLESTON 
0120 

WI   GREEN  BAY 
0131 

WI   LA  CROSSE 
0122 

WI   MADISON 
0133 

WI   MILWAUKEE 
0134 

WY   CHEYENNE 


Page 


/. 


£V 


♦ 


? 


#  Y 


5  C  3  R  UN  OFF  C  U RV E  N UM B ER  -  CONDITION  II 


<  ON  E  UA  L  U  E/  S  U  B  -  BA  S I N ) 
(FREE  FORMAT) 


Kunoi 


curve   niL'.'.ui:rs   iur   Iiy< 


c-j::plt:: 


(Aut-eccd-nt  [">isturc  condition 


=   0.2 


_  Coy  rr 
Trcat'c-JF.' 


Ki'nro."  cv"'.c 

condi  tion 


FaHow 

F.o"«"  crop: 


Straight  rov 


65 


20  *0  SO  90  100 

C»OUNO     COv£.»    0£.'lSI7T    :»•     ?£*Ci»lT 


11 

Poor 

ir 

Good 

Cor.  toured 

Poor 

it 

Good 

"and   terras 

:-:d 

Poor 
Good 

Straight  ro:r 

Poor 
.Good   - 

Contoured 

Poor  '■ 
Good   : 

"and  terraced 

Poor  ■• 

Gjod 

Graph  for  cstira^tng;   ru: 

forest -ran^e  complexes    in  western  Uai 

and  oak -ansa  ccrp] 


off  curve  nuabcrs  of 
trd  States:  herbaceo-j 
e::es . 


II 

h 

"^4   1     ■ 

1 

- 

amc  n. 

T"^ 

'01» 

- 

.  ----- - 

SsbOI 
S,raia 


Close-seeded  Straig'.t  row  Poor  ■ 

lewises  1/     "  Good  • 

or         Contoured   —  Foor  - 

rotation      "  -     '""  Good 

iseadov        "and  terraced  Poor  ' 

"and  terraced  Good 


Pasture 
or  rang 


Maxfdov 

V.'oods 


Farias 


Contoured 


Poor  "  • 
Fair  - 
Good 
Poor  ' 
Fair 
Good 

Good  - 

Poor 
Fair 
Good  — 


70  40  to  CO 

ciioumo   covin  oimsitt  in   *>c»C{a1 


Graph  for  estxeatino  rur.of:    cv: 

forect-Rn£?  cocipleac-s  in  vests rn  Usitsd  Z~j& 

grass  ar.d  saye  -grass  eorplsscss. 


j:    junirer- 


Roads   (dirt)  2/ 

(hard  surface)   Z]     — 

if  Clone -drilled  or  broadcast. 
2/   Including  right-of-way. 


72 

31 

63 

Ql 

/*  — 

78 

£5 

89 

7- 

79 

£4 

S3 

65 

75 

62' 

CO 

CO 

7^ 

60 

82 

62 

71 

73 

61 

65 

75 

84 

PA 
CO 

65 

75 

85 

87 

65 

7»> 

62 

65 

61 

75 

31 

8^ 

61 

72 

79  ■ 

82 

59 

70 

76 

81 

65 

77 

85  ' 

89 

53 

72 

81 

85 

64 

75 

85 

35 

55 

69 

73 

85 

65 

75 

80 

-83 

51 

67 

76 

80 

63 

79 

85 

39 

t9 

c9 

79- 

84 

T,9 

cl 

7^ 

80 

t7 

67  • 

81 

83 

25 

59* 

75' 

'  83 

6 

55 

70 

79 

:>3 

53 

71 

73 

W 

65 

77 

35 

56 

6o 

i'j 

79 

25 

55 

10 

77 

•59 

7i, 

62 

36 

T^> 

£2 

■    67 

C.v 

7b 

34 

SO 

52 

Taken  fron  th 


c  scS  National  En 


7iaocn'ng 


lantitioo'<  \h 


Runoff  cunre  numbers  for  hycrolcsic  so. 
of  a  typical  watershed  in  Cor.tra  Costa 
(antecedent  noisture  condition  II,  and 


11 -cover  corjplexes 
County,  California 
t     =0.2  S). 


tydrolo^ic  coil  group 


Cover 


4 


Scrub  (native  brush) 

Grass -oak  (native  caks  vith 
understory  of  forbs  and 
annual  grasses) 

Irrigated  pasture 

Orchard  (vrintcr  period  vith 

und:rstory  of  cover  crop) 

P^noe   (annual  grass) 

S.tp.11  grain  (contoured,} 

Truck  crops    (straight-row) 

Urban  f.raas: 

Lov  density    \V5  to  l3  per- 
cent  iiap'Tvious  surfaces) 
Keuiun  density  (21  to  27  l>ar- 
-  cent  iiaparvloas   sar*>.c<*s) 
High  d.-nsity  (50  to  75  percent 
iupsrvious   surf at •_■.-.) 


Condition 

A 

B 

C 

D 

Good 

25-30 
29-35 

4L-46 

57-65 
59-65 

66 
S'l 

Cood 
Good 

52-37 
37^1 

45-51 
50-55 

62-53 
6^-69 

70 
71 

Fair 
Good 
Good 

15-V9 
6l-Ck 

67-69 

57-60 
69-71 
7'r-76 

68-72 
76-80 
60-85 

7k 

81 
64 

65-71  75-73  32 -8V  E6 
71-75  77-60  8^-85  63 
75-75     79-82    35-63    ?3 


rr-cr 


i 


fc 


SOIL  ALBEDO 

•  .  15 
»  .15 
^-V    WAS  LAST  VALUE  CORRECT  AND  OK  TO  WRITE?  CY/N) 
*    RECORD  TO  WRITE: 


C  ON  E  VA  L  U  E/  S  U  B  -  B  A  S I N > 
(FREE  FORMAT) 


.  150 


.150 


•    Y 


WATER    CONTENT    OF    SNOW    ON    GROUND    AT    START    OF    SIMULATION    (MM) 

(ONE   VALUE/SUB-6ASTN)CFREE    FORMAT) 

•  20 

•  25 

WAS  LAST  VALUE  CORRECT  AND  OK  TO  WRITE?  CY/N) 
RECORD  TO  WRITE: 
20.000   25.000 

•  Y 

TRAVEL   TIME    FROM    SUB-BASIN    OUTLETS    TO    BASIN    OUTLET  HOURS 

(ONE   VALUE/SUB-BASIN) (FREE    FORMAT) 

•  2 

•  0 

WAS  LAST  VALUE  CORRECT  AND  OK  TO  WRITE?  CY/N) 
RECORD  TO  WRITE: 
2.000     .000 

•  Y 

CHANNEL  LENGTH  FROM  MOST  DISTANT  POINT  TO  THE  SUB-BASIN  OUTLET  CKM) 
(ONE  VALUE/SUB-BASIN+ONE  FOR  ENTIRE  BASIN) (FREE  FORMAT) 

•  30 

•  40 

•  40 

WAS  LAST  VALUE  CORRECT  AND  OK  TO  WRITE?  CY/N) 
RECORD  TO  WRITE: 
30.000   40.00  0   40.00  0 

•  Y 

AVERAGE    CHANNEL    SLOPE  CM/M) 

CONE   VALUE/SUB-BASIN+ONE    FOR    ENTIRE    BASIN) CFREE    FORMAT) 

•  .00  5 

•  .00  6 

•  .006 

WAS  LAST  VALUE  CORRECT  AND  OK  TO  WRITE?  CY/N) 
RECORD  TO  WRITE: 

.005     .006     .006 

•  Y 


o 


e  u 


I 


i 


9 


EFFECTIVE  HYDRAULIC  CONDUCTIVITY 
IN  CHANNELS  ALLUVIUM  (MM) 

fO.O     fO.O    10.0 


Effective  hydraulic  conductivity   for  transmission    losses   ir:  chi.~r.il   alluvium. 


Bed  material   grout)  Bed  material   characteristics 


Effect iva  hydraulic 
conduct! vi  cy 

(ni  1 1  ir-Vcers/hour) 


1 
Very  high   loss   rata         Very  clean  cjravel   or.d   large  sand. 
d5(J  >2  nvn 


High   loss  ratfi  Clean  sand  and  gravel   under  field 

conditions,     d       >  2  rrm 


"Joderataly  high   loss       Sand  and  graval  icixture  with   less 
rate  than  a   few  percent  silt-clay. 


Moderate  loss  rate  Mixture  of   sand  and  gravel  with 

significant  amounts  of   silt-clay. 


Very  low  loss  rate 


Consolidated  bed  rat-rial  with 
high  silt-clay  contsnt. 


>127 


51-127 


25-76 


6.4-25 


0.025-2.5 


Taken  from:       Lane,    L.   J.     1032.     Oistrihutid  nodal   for  srall   semiarid  water- 
sheds.    J.  Hydraulics  aivisicn.  ASCS,   Vol.  10a,  Ha.  KfiO, 
October,      pp.   1114-1131. 

CHANNEL    N   VALUE 

CONE   VALUE/SUB-BA3IN+0NE   FOR    ENTIRE    BASIN)  C  FREE    FORMAT) 

♦  .05 

•  .07 

0    .07  Values  of  Knitting's  roughness  factor  "rt".  I 


.rj-i  cnosc-n 


flange 


I.     Channel   Flow-' 


1/ 


A.  Excavated  cr  dredged 

1.  Earth,   straight  and  uniform 

2.  Earth,  winding  and  sluggish 

3.  Hot  e?.i:icain?d,  weeds  and  brush 

B.  Natural   streams 

1.     Few  trees,"   stones,  or  brush" 
■-'  "-•        2.     Heavy  tiui&er  and  krush       '- 

II.     Overland  Flcw-^ 

Fallow,  no  residue        ...  .. .. 

.  .Conventional  tillage,  no  residue  '.'. 
■  •:   •  Conventional  tillage,  residue-  '  " 
Chisel  plow,  no  residue   ...  .. 
Chisel  plow,  residue     <   "   • 
Fall  disking,  residue 
■  •  No  till,  no  residue        -•  : 
No  till  (0.5-1  t  hi"1) 
No  till  (2-9  t  ha"1}     "'  V   " 
Range] and  (20.1  cover) 
Short  grass  prairie  --..•  -."-. ■  I  .'. 
Dense  grass   '  : 
BerfiKSdagrass 


0.025 
0.035 
0.075 

0.015-0.032 

0. 023-0. C3 

0.04-0.14 

0.05 
0.10 

'    0.025-0.055 
•      0.05-0.15 

0.01 

0.0C3-0.012 

0.C3 

.      0.05-0.12 

0.19 

0.15-0.22 

C.C0 

0.05-0.12 

o.n    ; 

0.10-0.16 

0.40 

0.30-0.50 

0.C7     •  ■ 

0.01-0.10 

0.12 

0.07-0.17 

0.30 

0.17-0.47 

O.oQ 

0.15       ... 

..  .  0.10-0.20 

0.24 

0.17-0.30 

0.41 

0.30-0.43 

-  •  Tal:en  from  Chow  (2) . 

-  Taken  from  Tng-nan  (3). 


&  n 


% 


WAS    LAST    VALUE    CORRECT   AND    OK    TO    WRITE?    <Y/N) 
RECORD    TO   WRITE: 

.050  .070  .070 

•  Y  , 
OVERLAND    FLOW    N    VALUE 

CONE   VALUE/SUB-BA3IN+0NE    FOR    ENTIRE    BASIN) (FREE    FORMAT) 

»   .  1 

•  .2 

•  .2 

WAS    LAST   VALUE    CORRECT    AND    OK    TO    WRITE?    (Y/N) 

RECORD    TO    WRITE: 

.100  .200  .200 

•  Y  ..  ...... 

RETURN    FLOW    TRAVEL    TIME  (DAYb) 

(  ON E   VALUE/SUB-BASINMFREE    F 0 RM AT ) 

•    30 

•  35 

WAS    LAST   VALUE    CORRECT   AND    OK    TO    WRITE?    (Y/N) 

RECORD    TO    WRITE: 
30.000       35.000 

•  Y 

SEDIMENT    CONCENTRATION    IN    RETURN    FLOW  (PPM; 

CONE   VALUES/SUB-BASIN) (FREE    FORMAT) 

•  200 

•  250 

WAS    LAST   VALUE    CORRECT   AND    OK    TO    WRITE?    <Y/N) 
RECORD   TO   WRITE: 
20  0.00  0    250.000 

•  Y 

USLE    SOILS    FACTOR    K 

(ONE   VALUES/SUB-BASIN) (FREE    FORMAT) 

•  .35 


WAS    LAST   VALUE    CORRECT   AND    OK   TO   WRITE?    (Y/N) 
RECORD   TO   WRITE: 
.350  .300 


•  Y 


4.  — PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  SOILS--Contlnued 


Soli  name  and 
map  symbol 


32V  33#: 

Chilcott 


3«V  35V  36»: 
Chilcott 


"Sebree — — 


37V    38V    39»: 
Chilcott 


Sebree- 


Depth ; C lay 


In      i    Pet 


0-9    112-18 

9-15135-60 

15-26! 12-35 

26-35!    

35-65!    2-10 

0-5    ! 15-20 

5-18! 15-20 

18-10! 35-55 

10-46125-40 

45-64!    5-10 


0-9    ! 12-18 

9-15135-60 

15-26! 12-35 

26-35!    

35-65!    2-10 

0-7    ,'30-35 

7-30127-35 

30-3«!20-27 

314-42: 

12-60!    2-8 


0-9    ! 12-18 

9-15! 35-60 

15-26! 12-35 

26-17!    

17      ! 

0-7    !  30-35 

7-30!27-35 

30-3H20-25 

31-42!    

12      ! 


Moist      !    Perinea- 
bulk         !      blllty 
density 


J/cm-l 


In/hr 


1.10-1.50!  0.5-2.0 
1.20-1.i0!0.06-0.2 
1.10-1.60!    0.2-0.6 

1.60-1.70!    2*'.0-6.0 


t. 35-1. 151 
1.10-1 .50! 
1 .20-1 .10! 
1 .10-1 .50! 
1 .60-1.70! 


0.6-2.0 
0.6-2.0 

<0.06 
0.2-0.6 
6.0-20 


1.10-1.50!  0.6-2.0 
1.20-1.10!0.06-0.2 
1.40-1.60!    0.2-0.6 

1.60-1.70!    2.0-6.0 

1.10-1.50!  0.2-0.6 
1  .10-1  .50!0.06-0.2 
1.10-1 .5010.06-0.2 


1 .50-1.70! 


>20 


1.10-1.50!    0.6-20 
1.20-1 .1010.06-0.2 
1.10-1.60!    0.2-2.0 


1.40-1.50!  0.2-0.6 
1.10-1 .5010.06-0.2 
1.50-1.601    0.5-2.0 


Available 

water 
capacity 


In/In 


0.19-0.21 
0. 11-0.21 
0.16-0.21 

0.03-0.13 

0.16-0.18 
0.16-0.21 
0.14-0.17 
0.19-0.21 
0.05-0.08 


0.19-0.21 
0.14-0.21 
0.16-0.21 

0.03-0.13 

0.19-0.21 

0.19-0.21 
0.19-0.21 

0.03-0. 08 


0. 19-0.21 
0.14-0.21 
0.16-0.21 


.19-0.21 
.19-0.21 
.19-0.21 


Soil 
reaction 


e" 


6-7.8 
4-7.3 
4-3.4 


7.9-3.4 

6.6-7.3 
7.4-7.8 
7.4-3.1 

7.9-8.4 
7.9-8.4 


6.6-7.8 
7.4-7.8 
7.4-8.4 

7.9-3.4 

6.1-7.3 
7.4-9.0 
7.4-9.0 

7.4-9.0 


6.6-7.; 

7.4-7.£ 
7.4-3.' 


6.1-7.8 
7.4-9.0 
7.4-9.0 


Salinity 


<2 
<2 
<2 

<2 

<2 
<2 
<2 
<2 
<2 


<2 
<2 
<2 

<2 

3-16 
>8 
>8 

<2 


<2 
<2 
<2 


3-16 

>a 

>8 


Shrtnk- 

swell 
potential 


Low-— — 

High 

Moderate 

Low— — 

Low— — 
Low-— — 

High 

Moderate 
Low---— 


Low-— — 

High 

Moderate 


Moderate 
Moderate 
Low- -- 


Low— ---■ 

High— 

Moderate 


Moderate 
Moderate 
Low 


Erosion 
factors 


!    T 


0.19! 
0.32! 
0.43! 

0.10! 

0.49! 
0.49! 
0.241 
0.2H 
0.15! 


0.191 
0.32! 
0.131 

0.10! 

0.37! 
0.32! 
0.32! 


0.15! 


0.19! 
0.32! 
0.43! 


0.37! 
0.32! 
0.43! 


Wind 
erodl- 
blllty 
group 


Orgaaj 
oattH 


1-2 


1-2 


.5-1 


5-1 


£8 


t 


V 


USLE    EROSION    CONTROL    PRACTICE    FACTOR    P. 

»  CONE    VALUES/ SUB-BASIN) 


•  1 

•  1 


FREE    FORMAT) 


surrosr  pzactizi  facto; 


■  slopii.g   -,y,\  ;,   lo 
erosivu    mitt;      ti,, 


hi  rjjn'-.-ol,  wh:nfi 
valid  onrj  i_\<p.j-. ;d  ._,  t, .,.,,•_-  ■  ;,,,,;,  lrit,  „ 
lion  offm-d  by  ;od  :-  doss-growing  Ci.-,p.  ■„  ,fv. 
iysltfin  ncwls  i->  bs  siTj-3.-!;d  by  ^rr,t.;co,  ,;.3.  wi!1 
5low  t!.-  rvnsrr  were.-  c.-.d  ll-ius  r-duec  .|,e  nfr,oonf 
of  loil  il  cnn  curry.  The  mo'l  imonrto.-il  of  ln»se 
jup.-orJinp  crirple.-.d  pracriess  are  contour  lilluci--:, 
tfripcroppinij  on  Iks  contour,  and  l-rroct;  sysiomi. 
Slabiiiied  waterways  for  :hf  clispj^ol  0f  CXC(.;J 
rainfall  or-  a  nrcess-jry  pert  of  eecii  or"  iScse 
"practices. 


-y 


i  -  s ;    w,;rt   o 


-irlor  I'  in  the  i;;'.;  it  |S»  ro:i 
:i;  supp-.rt  practice  lo  :'. 
i  up-ond-d- .v..-..i^p-?  c.i 
i  lilacs  p'uetices,  SbdVoaisd  r;:. 
\t ■  siment-.,  cno*  grj.  'or-  quunS:  . 
i?i  left  on  :n«  fluid  contribute  rr.: 
iron  control  end  frequently  ~  prov:  J 
!nv  major  control  in  a  farmer's  f.jM.  Howe.. 
ffisrsS1  c»  considered  conservation  crapointj  tin 
mn:::.--t.?:  procticec,  and  '.he  benefits' d.n""..: 
from  t!-em  ere  included  in  C. 


lie."  ;-r:.;  :, 
of  cos  ie»i:i 
ten':/   :o    s.-s 


P.raiuw  and  ylopt-ietiglh  Imiij  'or 
contouring 

Lond  il»p-  p  voj    ^ 

r~. 

1   io     2   040  <00 

3   to      5 -SO  3M 

6  to     8   -.      -30  J00 

7  ■•   1? 60  )33 

I!    b    lo    .."....      JO  £3 

1/    to    20    80  40 

21    to   23    TO  jo 

inotforrg,  will  rogwlort.  .Maod  30  -rrSTII. 


P  valwi  ,'er  con!our-lrrm»d  Isrrozet!  fields 


io-'  tfaini 

r„.. 

pL 

»-ino 

Crr-ovl! 

-0 

rSm*.    ,:,,„-. 

O.od.d  "o 
tod  ».'■'• 

:■' 

•     l--o  tw.iiop. 

Cwuow 
■oiio-* 

i 

losioi 

>'■•",■*..  J 

1   lo  2 

0  60 

0.30 

0.12 

0  03 

3  lo  8 

JO 

.25 

.10 

.03 

9  lo   12 

40 

.30 

.12 

.03 

1]   lo   15 

JO 

js- 

.14 

JS 

17  to  20 

JO 

.40 

.14 

.04 

21    lo  23 

.90 

.43 

.13 

X4 

s:.r-  i. 

I  for  con 
I  compute 
'Uif  Ih.i 
•I  toil  Ion 
'Thoui 
.trot  of 
HlriKoli. 


nglh  ii  th.  Iioniwtol   Imu  inl.rroi.  TJi. 
our  fori~«3.  Ho  •cMiliaml  coi-;ov.i-;   loci 


.i.'.fi   lor    control    ©f 


I    loffoncci- 
lo  wcKorthvd  i-.f.mrnl  jp'rl*. 


-.:i-f     foe 
•••>   f.ldi 


?  va/tie 

,  maximum  •At'tp  v-id.'.Sr, 

or.d  stop*. 

J 

»n-/.i   ir,niJ 

for 

contour  :!riocroppi 

"9 

__        to-d.::-. 

r 

olooi 

l«:i.^ 

* 

5 

C 

Fool 

.  ./..i 

1    lo      2 

C.30 

0.^5 

0  60         no 

500 

J   io     3 

-23 

J3 

J0              100 

400 

4  lo     :    . 

23 

ZZ  ' 

JO            100 

403 

»  lo    12    . 

JO 

.43 

.40               30 

-  240 

i:  io  13  . 

33 

J2 

jo          eo 

..140 

17   l»   22  . 

40 

.60 

.;o          60 

120 

|            21    lo   23    . 

4$ 

JA 

.TO              33 

ioi 

'f.=l..u 

*           - 

0.    ami     2    yrorc   of 

^irodow.   A   iKi.d    io" 

crop  con   #o- 

f'.z-.t 

t'*r   »r«olt    grc 

;•  ii 

ir.»sdo"»   il   ««'ao!>»'-»-d 

n  if. 

i   tw    4 

T->r    r;-slofi 

of  2 

iro.1     IO"     CfOO,     wi-»tr 

r    groin    wilS 

r...': 

m  ivrcT.. ;,  o*» 

d  1-rror  nrodow. 

._ 

C  ."or  „• 

Wiistf   .i.vi 

of    IO 

"     C.'Op     or.  J     wood     £.''-''* 

'A^i».l    I 

•>-■•'     '•'■- 

T,    9«t.*.oilr    do»«— o'd,     to    o«orwiKJglc 

-;.'■■»  o'  is 

-.     --*   3 •••. 

Taken  fi'om  Wlschr-vier  and  :-;'.h   (]_9). 


OSE    I   F^:: 

TV¥f|-A^  Mot" 


AVERAGE    SLOPE    LENGTH    FOR    EACH    SUB-EASIN(M) 

CONE    VALUES/SUB-BASIN) C FREE    FORMAT) 

50 . 0 0 0       SO . 0  0  0       30 . 0 0  0 

•  Y 

AVERAGE    SLOPE    STEEPNESS    FOR    EACH    SUB-BASIN  CM/M) 

CONE   VALUES/SUB-BASIN+ONE    FOR    ENTIRE    BASIN) CFREE    FORMAT) 

♦  .15 
(       ,    •   .15 

V  WAS    LAST   UALL|E    CORRECT   AND    OK    TO   WRITE?    CY/N) 

•#  RECORD   TO   WRITE: 


•     Y 


•200  .150  .150 


IS    POND    DATA    CONSIDERED?    CY/N) 

#  N 

IS    RESERVOIR    DATA    CONSIDERED?    CY/N) 

•  N 


I 


SECTION       ?    — SOIL    DATA 
DEPTH    TO    BOTTOM    OF    LAYER 


(MM)     (ONE   VALUE/LAYER, FREE    FORMAT) 


•  10 

•  150 
f~\%    310 

^       •     340 

#  WAS    LAST    VALUE    CORRECT   AND    OK    TO   WRITE?    CY/N) 

RECORD    TO    WRITE: 
10.000     150.000    510.000    340 .000 


♦    Y 


BULK    DENSITY 


CT/M**3>        CONE   VALUE/LAYER , FREE    FORMAT) 


•    1.5    1.5    1.5    1.5 

WAS    LAST   VALUE    CORRECT   AND    OK    TO    WRITE?    CY/N) 
RECORD    TO   WRITE: 

1 .500  1 .500         1 .500         1 .50  0 


•  Y 


AVAILABLE   WATER    CONTENT 


(MM/MM)     CONE    VALUE/LAYER , FREE    FORMAT) 


•  .2     .2     .24     .2? 

WAS    LAST   VALUE    CORRECT   AND    OK    TO   WRITE?    CY/N) 
RECORD    TO    WRITE: 

.200  .20  0  .240  .290 

•  Y 

SATURATED    CONDUCTIVITY 


CMM/H)     CONE   VALUE/LAYER, FREE    FORMAT) 


9 


•     3    3    3    3 

WAS    LAST   VALUE    CORRECT   AND    OK    TO   WRITE?    CY/N) 
RECORD    TO    WRITE: 

3.000         3.000         3.000         3.000 
Y 
CLAY    CONTENT  CO  CONE   VALUE/LAYER , FREE    FORMAT) 


•  30    30    15    20 

WAS    LAST   VALUE    CORRECT   AND    OK    TO   WRITE?    CY/N) 
RECORD    TO   WRITE: 
30.000       30.000       15.000       20.000 

#  Y 

PASS    #200    SIEVE  CX)  CONE   VALUE/LAYER , FREE    FORMAT) 


5o      SO 


3o 


So 


Se>U-    SvJfcv/^/ 


—  ENGINEERING  PROPERTIES  AND  CLASSIFICATIONS—Contlnued 


4 


Soil  name  and 
sap  symbol 


:'.  39»: 

riticott- 


Depth 


TfT 


0-9 
9-15 


15-26 


26-«7 
17 


0-7 

7-30 

30-3« 

3"»-42 

12 


USDA  texture 


Stony  silt  loam 
Sllty  clay  loan, 

sllty  clay, 

clay. 
Silt  loan,  clay 

loam,  loam. 

Indurated 

Unweathered 

bedrock. 

Stony  sllty  clay 

loam. 
Sllty  clay  loam, 

clay  loam. 
Silt  loam,  loam 

Indurated 

Unweatnered 

bedrock. 


Classification 


Unified  !  AASHTO 


ML,  CL-ML 
CL,  CH 


CL-ML,  CL 


CL 
CL 
CL-ML 


A-1 
A-6,  A-7 


A-4,  A-6 


A-6 
A-6 
A-1 


Frag- 
ments 

>  3 
Inches 


?ct 


5-10 
0-5 


0-5 


5-10 

0-5 

0-5 


Percentage  passing 
sieve  number  —-__ 


95-100 
100 


100 
100 
100 


95-100 
100 


100 
100 
100 


90-100 
90-100 


85-100 


95-100 
90-100 
90-100 


80-90 
75-95 


70-90 


35-95 
70-95 
75-90 


Liquid 
limit 


20-30 
35-60 


25-35 


30-10 
30-40 
25-30 


Plas- 
ticity 
Index 


NP-10 
15-40 


5-15 


10-15 
10-15 
5-10 


eio 


"'^'W"  "■«  ■■—  '  '—  *   ->-»^ 


r 


O  5  0- 


*  4  0-i  ---■»  -- 


< 


100 


9 


SOIL 
BULK  DENSITY 


%  ORGANIC 
MATTER 


100-% 


ORGANIC 
MATTER 


ORGANIC    MATTER 
BULK   DENSITY 


MINERAL   BULK 
DENSITY 


AVERAGE   ORGANIC   MATTER  BULK   DENSITY    =     0.224    flm/cm1 


MINERAL  BULK.  DENSITY  (gm/cm3) 


Mean  physical  properties  >:f  soils 


Volt 

•cr>  I  in/in) 

Texture 

Hulk 

Total 

Field 

Wi 1  ting 

density 

porosity 

capacity 

point 

A'.-.; 

gm/cn 

1/3  b*r 

15  bar 

Coarse  s.ind 

1.6 

0.10 

0.11 

0.03 

0.03 

Sand 

1.6 

0.10 

0.16 

0.03 

0.13 

Find  sand 

1.5 

0.13 

0.13 

0.03 

0.15 

V.  fine  sand 

1.5 

0.43 

0.27 

0.03 

0.25 

L.  coarse  sand 

1.6 

0.40 

0.16 

0.05 

0.11 

Loamy  sand 

1.6 

0.40 

0.19 

0.05 

0.14 

Loamy  f.  sand 

1.6 

0.40 

0.22 

0.05 

0.13 

L.v.f.  sand 

1.6 

0.40 

Q.  37 

0.05 

0.32 

Cojrsc  s.  loam 

1.5 

0.40 

0.10 

0.0ft 

0.11 

Sandy  loam 

'.  .6 

0.40 

0.22 

C.03 

0.14 

F.  san'ly  loam 

1.7 

0.3& 

0.27 

0.C3 

0.15 

V.f.  sandy  loam 

1.0 

0.10 

0.37 

0.03 

0.29 

Loam 

1.6 

0.40 

0.2& 

0.11 

0.15 

Silt  loam 

1.5 

0.43 

0.32 

0.12 

0.20 

Silt 

1.-'. 

0.47 

0.27 

0.03 

0.2=1 

Sandy  clay  loa..i 

1.6 

0.40 

0.30 

0.18 

0.12 

Clay  loam 

1.6 

0.40 

0.35 

0.22 

0.13 

Silty  clay  loam 

1.1 

0.47 

0.36 

0.20 

0.16 

Sandy  clay 

1.6 

0.40 

0.28 

0.20 

0.13 

Silty  clay 

1.5 

0.46 

0.40 

C.30 

0.1  1 

Clay 

1.1 

0.47 

0.39 

0.23 

o.n 

e// 


( 


Lane  and  Scone  published  a  paper  in  1933  entitled  Water  Balance 
Calculations,  Water  Use  Efficiency,  and  Aboveground  Net  Production  in 
which  summaries  of  over  1300  soils  were  presented  that  would  benefit 
HELP  users. 


-Selected  soil  arooerties  oased  on  soil  te»turil  class. 


Soil  texture 
class 


Representat 1 <e  composition 
Clay  Silt  Sand 


Saturated  nydrjulic 
conductivity  (cm/hr) 
Avo,  Low  Miqn 


3ar?  soil   -jvdoorition  oarameter 

c(»i»/day   1/2) 
A"9  Low  Htqn 


Sand 

3 

7 

90 

23. 

U.7 

43.2 

3.3 

3.05 

3.32 

Loamy  sand 

5 

15 

30 

6.1 

3.5 

U.7 

3.3 

3.05 

3.32 

Sandy  loam 

10 

20 

70 

2.2 

1.7 

3.6 

3.5 

3.10 

4.06 

Loam 

20 

40 

40 

1.3 

.91 

1.7 

4.S 

3.20 

4.57 

Silt  loan 

IS 

65 

20 

.69 

.46 

.91 

4.5 

3.20 

4.S7 

Silt 

5 

87 

3 

.51 

.30 

.61 

4.0 

3.15 

4.40 

Sandy  clay  loam 

30 

10 

60 

.30 

.25 

.46 

3.3 

3.15 

4.32 

Clay  loam 

35 

35 

30 

.20 

.19 

.25 

3.3 

3.15 

4.32 

Sllty  clay  loam 

35 

55 

10 

.18 

.15 

.19 

3.3 

3.15 

4.32 

Sandy  clay 

45 

5 

50 

.13, 

.11 

.IS 

3.4 

3.10 

3.55 

Sllty  clay 

45 

50 

5 

.10 

.09 

.11 

3.5 

3.10 

3.31 

Clay 

65 

20 

15 

.08 

.06 

.09 

3.4 

3.10 

3.56 

-Porosity  and  «ater  Holding  caoacity  (water  content   in  ;  Sy.volunel   aased  on  soil   test-ral 

class. 


Soil   texture 
class 


Total   aorosity 
*»g     Low     Htqit 


-1/3   3ar 
Water  Holding  caoacity 

Ava     Low      Hlqn 


-IS  Ur 
Water  nolding  caoacity 

*»g     Low     Wigfi 


Sand 

Loamy  sand 

Sandy  less 

Loam 

SI  It    loam 

Silt 

Sandy  clay  loan 

Clay  loam 

SI lty  clay  loam 

Sandy  clay 

Sllty  clay 

Clay 


41 

39 

43 

43 

39 

45 

4S 

39 

52 

47 

45 

52 

50 

49 

55 

51 

49 

55 

42 

38 

45 

47 

40 

51 

47 

46 

-SI 

42 

40 

44 

48 

46 

49 

49 

44 

52 

9 

7 

IS 

12 

10 

20 

20 

14 

29 

26 

20 

36 

31 

20 

36 

23 

26 

30 

27- 

17 

34 

34 

29 

38 

36 

33 

40 

31 

27 

40 

40 

35 

46 

42 

34 

49 

3 

2 

6 

6 

4 

3 

9 

5 

12 

12 

9 

13 

13 

7 

20 

9 

6 

12 

17 

11 

21 

20 

16 

24 

21 

18 

24 

21 

18 

30 

27 

23 

32 

29 

23 

33 

f/2 


>  "j-^.ii.  j  u.miu  uihiii.iu  mm,..  ...i.i .■„-,.,. 
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ANTECEDENT  SOIL  WATER  CONTENT-   The  degree  of  wetness  of  a  watershed  at  the 
beginning  of  a  storm.  In  the  SCS  method  3  levels  of  AMC  are  used: 

AMC-I.   Lowest  runoff  potential.   The  watershed  soils  are  dry  enough  for 
satisfactory  plowing  or  cultivation  to  take  place. 

AMC-II.   The  average  condition. 

AMC-III.   Highest  runoff  potential.   The  watershed  is  practically 
saturated  from  antecedent  rains. 

BUBBLING  PRESSURE-  Used  as  Pb  in  the  Brooks"  and  Corey  equation.   It  is  a 
characteristic  constant  of  the  medium  and  is  a  measure  of  the  maximum 
pore-size  forming  a  continuous  network  of  flow  channels  within  the  medium. 
Approximately  the  minimum  capillary  pressure  on  the  drainage  cycle  at  which 
the  non-wetting  fluid  is  continuous. 

BULK  DENSITY-  The  ratio  of  soil  mass  to  the  bulk  soil  volume.   Can  be 
calculated  as  moist  or  dry  bulk  density.  See  Illustration  2. 

EFFECTIVE  POROSITY-  The  volume  of  interconnected  pore  space  that  water  can  be 
freely  removed  from.  Calculated  as  porosity  minus  residual  water  content. 

FINE  EARTH  FRACTION-  The  fraction  of  soil  material  less  than  2  mm.  diameter. 

POROSITY-  The  volume  of  pore  space  expressed  as  a  fraction  of  bulk  volume  of 
the  porous  medium. 

POROSITY  INDEX-  Pore  size  distribution  index.   Can  be  any  positve  value, 
being  small  for  media  having  a  wide  range  of  pore  sizes  and  large  for  media 
with  a  relatively  uniform  pore  size.   Used  in  the  Brooks  and  Corey  equations. 

RESIDUAL  WATER  CONTENT-  Volume  of  water  remaining  in  the  pore  space  after 
water  has  been  freely  removed  from  the  interconnected  pore  space. 

SATURATED  HYDRAULIC  CONDUCTIVITY-  The  rate  of  water  movement  through  a  porous 
media  at  a  saturated  soil  water  content. 

WATER  CONTENT,  1/3  BAR-  The  water  content  at  1/3  bar  tension,  defines  the 
soil's  field  capacity. 

WATER  CONTENT,  15  BAR-  The  water  content  at  the  15  bar  moisture  tension  that 
represent  the  wilting  point  of  many  plants.   Rangeland  plants  may  have  wilting 
points  that  are  better  described  at  higher  moisture  tensions. 

WATER  HOLDING  CAPACITY-  The  difference  between  water  held  at  1/3  bar  (field 
capactity)  and  15  bar  (wilting  point).   Assummed  to.be  the  water  available  to 
plants . 

WETTING  FRONT  CAPILLARY  PRESSURE-  The  capillary  pressure  (tension)  of  the  wet 
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APPENDIX     I 


r~\ 

STa. 

ST. 

VARIABLE 

J 

I 
F 

M 

A 

M 

J 

J 

A 

S 

C 

•k  r 

D 

4 

FLAGSTAFF.  ARIZONA 

LATT  = 

25  .  08 

LONG"  1 1 1 

.40 

YRS  = 

15.   E 

LEV.=  6992. 

TP5  = 

50.80 

TPG  =   P8.S 

0 

TMAX 

4  .  7 

5.9 

9  .7 

14  .3 

19  .  9 

25  .  2 

27  .  4 

26.  1 

23.  7 

17.3 

10.8 

6.G 

TWIN 

-9  9 

-a  .g 

-5.8 

_  n  o 

1  .  1 

5  .  3 

9.3 

3.  2 

5  .  7 

"0.7 

-6  .  3 

-S  .4 

CVT 

0.35 

0.34 

0.  25 

0.  19 

0.  13 

C.  1  1 

CO" 

0.12 

0.10 

0.  15 

0.  25 

0.32 

RAD 

29  1  . 

399 

5  1G  . 

628 

714  . 

729. 

548  . 

602. 

555  . 

432  . 

234  . 

271  . 

P5MX 

5.08 

10.4  1 

5  .  59 

s.so 

5  .  33 

5.59 

27  .  94 

17. 7S 

10.  16 

5  .  32 

e.25 

3  .  55 

PW/C 

0.114 

0.  138 

0.  151 

0.  127 

O.C73 

C  .  05  1 

0.254 

0.  279 

C.  122 

0.022 

C.  1  14 

0.115 

PW/W 

0.553 

C.470 

0.483 

0  .  4G4 

0  .  362 

0.430 

C.545 

0.515 

0.436 

0.470 

0.495 

0.525 

MEAN 

7.27 

6.60 

6  .  86 

6.  10 

4.57 

6.35 

5.84 

6.23 

7  .£2 

7  1  1 

7  .62 

9.40 

SDEV 

8  .28 

7  .37 

8  .59 

6.35 

4  .S3 

i  1  .  58 

S.2S 

8  .39 

1  1  .94 

8  .39 

9.65 

12  .95 

SKEW- 

1  .99 

2  .03 

3.55 

1  .57 

2.  17 

3.12 

2.61 

2.79 

2.90 

2.23 

2.20 

2.83 

PHOENI 

X.  ARIZONA 

LATT  = 

22.26 

LONG"  112 

.01 

YRS  = 

25.   E 

LEV. =  1117. 

TP5  = 

54.61 

TP6=  101 .3 

»"N 

- 

- 

TMAX 

17.5 

20.  ■■ 

23.9 

23. S 

23  .8 

38  7 

40.2 

33  .7 

35  .  6 

20.4 

22.2 

13  .9 

TMIN 

1  .5 

3  S 

6.  1 

10.2 

13.9 

15  .5 

23  9 

23.0 

19  .5 

12  .5 

5.S 

2.S 

CVT 

0 .  10 

0.  10 

0.08 

0.07 

0.03 

C.C5 

0.03 

0.07 

0.06 

0.07 

0.05 

0.07 

RAD 

201  . 

409 

526. 

63S. 

724. 

729. 

C5S  . 

6  13. 

566. 

449. 

244  . 

2Si  . 

P5MX 

5.  10 

5.34 

8.64 

4.57 

14  .99 

2.54 

24.12 

2  1.24 

S.3S 

5.52 

5.  10 

3  ..14 

PW/D 

C.085 

0.077 

0.070 

0.042 

0.018 

C.022 

0.C9S 

0.  147 

0.057 

0.054 

0.050 

0.073 

PW/W 

0.407 

0.473 

0.  254 

0 .  203 

0.294 

C.213 

0  .  265 

0.218 

0.429 

0.234 

0.227 

0 .  400 

MEAN 

4  .82 

3. 21 

6  .  10 

4  .  57 

3  .30 

4  .  22 

4  .57 

5.59 

5.35 

5.22 

5.  OS 

5.  10 

SDEV 

5  .84 

4.83 

5.  59 

5  .03 

4  .  32 

6.38 

6.  10 

8  .89 

11  .94 

5  .  35 

5.32 

7  .27 

SKEW 

2.04 

2.2£ 

1.  10 

1  .  55 

2.93 

2.27 

2 .  28 

4  .46 

3  .  Co 

1  .39 

1  90" 

1  .  35 

YUMA  , 

ARIZONA 

LATT  = 

22.67 

LONG=  114 

60 

S~*^k 

YRS  = 

15.   ELEV.=   194. 

f    A 

TP5  = 

21  .75 

TP6=   62.22 

^J 

TMAX 

20.  7 

23.2 

27.  1 

31.3 

25.4 

33.7 

*  i    *> 

41.4 

39.7 

22  .  2 

25.9 

21  .6 

J^ 

TMIN 

5.2 

8  .  8 

10.  1 

13.6 

17.4 

21.7 

25.8 

25.8 

22.7 

15.9 

9.4 

6.2 

W 

CVT 

0.  10 

0.11 

0.09 

COS 

0.07 

0.07 

0.05 

0.09 

0.05 

0.03 

0.  1  1 

0.03 

RAD 

262  . 

374  . 

500. 

600. 

643  . 

712. 

653. 

616. 

555  . 

422  . 

325. 

262. 

P5MX 

8.89 

4  .  57 

5.59 

2.54 

2.29 

0.51 

2.05 

25.40 

3.53 

8.  12 

3.56 

5.22- 

PW/D 

0.056 

0.043 

0.04  1 

0.C24 

0.008 

0 .  COO 

0.020 

0.052 

C.017 

0.025 

0.033 

0.047' 

PW/W 

0.2*3 

O.C77 

0.250 

0.  175 

0.000 

0.003 

0.226 

0.21  1 

0.312 

0.213 

0.222 

0.349 

MEAN 

2.  Si 

4.06 

2  .  54 

4  .22 

2.54 

0.00 

4.06 

4.32 

8.89 

5  .54 

4.22 

4.22 

SDEV 

4  .  22 

6.25 

2.79 

7.62 

2.81 

0.00 

6.25 

6  .35 

17.52 

9.40 

7. 52 

4  .83 

SKEW 

1  .  16 

2.33 

2.57 

2.41 

2.  17 

0.00 

2.57 

2.34 

2.52 

2.C2 

2.01 

1  .64 

BAKERS 

FIELD, 

CALIFORNIA 

LATT  = 

25.42 

LONG=  119 

.05 

• 

YRS  = 

22.   E 

LEV.=   475. 

TP5  = 

25.40 

TP6=   52.2- 

; 

TMAX 

14  .  1 

17  .2 

20.7 

24.2 

29.2 

22.4 

27.3 

36.5 

22.2 

27  ° 

20.2 

15.0 

TMIN 

2.0 

5.0 

6.9 

10.  1 

13.4 

15.7 

20.  1 

18.7 

16.  2 

11.5 

6.2 

3  . 5 

CVT 

0.  10 

0.09 

0.  10 

0.C3 

0.07 

0.C7 

0.04 

0.07 

0.C5 

0.06 

0.  10 

0.  10 

RAD 

228. 

326  . 

474. 

543. 

642. 

700. 

678. 

645. 

640. 

423. 

254. 

207. 

P5MX 

5.03 

5.08 

5.59 

2.05 

6.60 

1  .02 

0.51 

5.59 

7.27 

15.24 

4.57 

5.59 

PW/D 

0.  132 

C  122 

0.  130 

0.095 

0.039 

O.OOS 

0.01C 

0.006 

0.019 

0.022 

0.0S2 

0.117 

PW/W 

0.425 

C.432 

0.346 

0.474 

0.297 

0.444 

0 .  200 

0.250 

0.214 

0.391 

0 .  354 

0 .  303 

MEAN 

4.32 

4  .57 

3.56 

4.  57 

2.54 

2.23 

1  .78 

1  .27 

2  .05 

6  .  35 

5  .84 

3.56 

SDEV 

4.83 

5.22 

4  .57 

5.  03 

2.81 

2.79 

2.29 

1  .78 

3  .SI 

6.60 

6.25 

4.  32 

SKEW 

1  .99 

2  .25 

2.12 

1.41 

3.52 

1.11 

1  .50 

1  .98 

1  .77 

2  .43 

2.  13 

2.  15 

BLUE  CANYON, 

2ALIF0RNIA 

LATT  = 

29.28 

LONG=  120 

70 

YR5  = 

20.   E 

_EV.=  5220. 

TP5  = 

20.43 

TP5  =  170. 18 

TMAX 

6  .4 

6.2 

7  .9 

11.7 

15  .7 

19.6 

25.0 

24  .8 

22  2 

16  .3 

12.  1 

8.6 

TMIN 

-o.s 

-0.7 

C.4 

3.3 

5  .  7 

ic  e 

15.0 

1 .-.  .  8 

12.2 

7  .4 

2  .  1 

0.6 

CVT 

0.23 

0.24 

0.  20 

0.  16 

0.  15 

0  '  ~ 

0.03 

0.15 

0.  1  1 

0.14 

0.  17 

C.  21 

) 

RAD 

178  . 

261  . 

394. 

522. 

629  . 

GSi. 

636  . 

616  . 

497. 

35 

226. 

152. 

V~/ 

P5MX' 

9.40 

6  .  10 

5.59 

5.84 

6.  10 

5.  OS 

6  .36 

9.40 

6. 25 

9.  14 

6.35 

7.11 

j 

PW/D 

0.203 

0.213 

0.231 

0.  184 

0.  155 

0.072 

0.025 

0.C22 

0.054 

0.020 

0.200 

0.  174 

PW/W 

0.721 

0.678 

0.663 

0.621 

0.556 

0.4S3 

0.037 

0.295 

0.370 

0.437 

0.628 

0.710 

MEAN 

28.96 

21  .59 

17.78 

14.22 

9.40 

6.50 

1  .78 

6.86 

6.85 

24.23 

21  .34 

28.70 

SDEV 

31  .24 

24  .  13 

18.03 

17.78 

13.46 

7  .  :•  7 

2.02 

15.24 

1  1  .68 

25  .  53 

21  .59 

33.02 

SKEW 

2.03 

1  .93 

1  .44 

2.24 

5.11 

1  .25 

1  .52 

3.28 

3.93 

2.62 

1  .03 

2.53 

1 
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APPENDIX     I 


ST  A  . 

ST  . 

VARIABLE 

J 

F 

M 

A 

M 

*J 

J 

A 

S 

G 

N 

D 

EUREKA 

CA 

LIFOH.MIA 

LATT  = 

.48   LONG  =  12  i 

10 

YRS  = 

53  . 

ELEV  =    43. 

TP5  = 

25 

67   TP5  =  137.  1 

5 

TMAX 

12.0 

12  3 

12.5 

12.2 

14  4 

15  G 

'  5  .  S 

16  : 

1G.4 

15.7 

14.2 

12.3 

TWIN 

5  .  1 

5.G 

G.C 

7.3 

8.9 

'.0.5 

''..'■ 

11.4 

10. G 

9.2 

7  .  2 

5  . 3 

CVT 

0.12 

0.15 

0.12 

0.  1  1 

0.11 

0.  10 

0  OS 

C  1 2 

C.C9 

0.  10 

0.1' 

0.  13 

RAO 

14S  . 

249. 

345  . 

49S  . 

599  . 

575. 

7C0  . 

614  . 

452. 

300 

174 

99  . 

P'J>  ."•*>'. 

12  72 

20.57 

G.35 

4.57 

5  .59 

5  .50 

1  .75 

4  22 

11.43 

9  40 

13.2' 

13.97 

PV'.'/D 

0.33  1 

0.2G5 

C.  28  1 

0  .  209 

0.  157 

C.  123 

CCS- 

C  .053 

0.095 

0.  177 

0.27;. 

0.235 

PW/W 

0754 

0.693 

0.  724 

C.G15 

0.51S 

C.395 

0.  122 

0.  305 

0.397 

0.529 

0  .G9  1 

0.713 

MEAN 

1  1  .94. 

9  65 

8.  13 

7.11 

5  .  59 

3.  05 

1  .27 

3.55 

4.57 

3  .  13 

11.42 

11  4  2 

SOEV 

12  .95 

12.95 

7  .87 

9  14 

6  .  86 

4  .  57 

1.52 

3.  10 

6.35 

9  .  14 

13.43 

11  4  5 

SKEW 

2.13 

3  75 

1  .46 

2  .66 

1  .  83 

3.20 

2  .  34 

2. 05 

2  .02 

2.43 

1.71 

2.02 

FRESNO 

.  CA 

LIFORNIA 

LATT  = 

33 

.  46   LONG*  1  19 

.43 

YRS  = 

20. 

ELEV.=   32S. 

TP5  = 

24  . 

89   TP6=   75.6! 

3 

TMAX  . 

13  .0 

15  .3 

19  .  9 

24.5 

29  .  2 

32  .4 

27  5 

35  .  4 

33  .  4 

27  .  1 

1  9  .  7 

13.6 

TWIN 

2.S 

4.2 

5.6 

8.0 

1  1  .0 

14  .0 

1  .'  .  C 

15  .5 

13.5 

9.  2 

4  .4 

3  .  1 

CVT 

0.09 

0.C9 

0.  1  1 

0.09 

0.09 

0.05 

0.04 

COS 

0.06 

007 

0.  10 

0.  1  1 

RAO 

184  . 

289 

427  . 

552. 

64  7. 

7^2 

632  . 

G21  . 

510. 

375  . 

250. 

161  . 

P5MX- 

7.87 

5.84 

S  .  13 

4.57 

2  .  29 

2.54 

0.5'. 

1  .52 

4  .83 

15  .75 

5.C-. 

10.  *  e 

PW/D 

0.  172 

0.  156 

0.  140 

0.  105 

0.055 

G.024 

C.010 

0 .  C 10 

0.017 

0.034 

0.032 

0.  154 

PW/W 

0 .  509 

0.519 

0.393 

0.477 

0.  340 

0.  158 

0 .  1  6G 

0.  150 

0.  154 

0.2SS 

C.  454 

C.475 

MEAN 

7.11 

6  .  35 

6.86 

6  .86 

3  .  30 

~ .  Cj 

2  .  03 

1.75 

4  .03 

6  .25 

7  37 

6.22 

SDEV 

8. 89 

8.3  = 

7.37 

7.37 

4  .03 

2.03 

2  29 

24  .  33 

4  .  57 

5.25 

7  .  27 

7  .52 

SKEW 

2.43 

2  .  33 

1  .95 

1  .36 

2  .92 

1  .77 

1  .80 

1  .  85 

.1  .80 

1  .20 

1  .30 

1  .87 

B4T.  SHASTA. 

CALIFORNIA 

5ATT= 

41 

.32   LONG=  122 

32 

Jrxs= 

27  . 

ELEV.=  2544. 

*TP5  = 

30. 

48   TP6=  101 .60 

TMAX 

5.2 

8.  1 

11.2 

15.7 

19.8 

23.  S 

29.6 

29  .3 

25.8 

18.7 

11.4 

7.0 

TKIN 

-3.8 

-2.5 

-1  .0 

1  .4 

4  .4 

7.6 

I'"'  4 

9  2 

6,9 

3  .4 

-0.5 

-2  .  7 

CVT 

C.25 

C.23 

0.  19 

0.  15 

0.13 

0.  11 

0.03 

C  12 

0.  1  1 

0.  14 

0.  1c 

0.  22 

RAD 

149. 

24  9 

346. 

493. 

593. 

575. 

700. 

614. 

452  . 

300. 

174. 

99. 

P5MX 

5.  84 

£  10 

5  .  03 

7.87 

4  .  32 

3.81 

5  50 

5.33 

5.0S 

5  .  SO 

7.11 

7.62 

PW/D 

0.223 

0.2*1 

0.206 

0.  154 

0.  137 

C  101 

C.C42 

0.049 

0.049 

0.097 

0.200 

0.  1S5 

PW/W 

C.718 

C675 

0.645 

0.591 

0  .  563 

C.465 

0.253 

0-  373 

0.385 

0.  4  30 

0.523 

0.559 

MEAN 

14  .22 

12.95 

8  .64 

S.3S 

5.  10 

4  .57 

3.S' 

4  .  57 

8.54 

9. 35 

14  .  22 

15.24 

SDEV 

15.00 

17.27 

12.45 

12.45 

7  .52 

4.57 

3.81 

5  .  59 

17.27 

14.43 

17.02 

20.63 

SKEW 

1  .80 

2  .  25 

2. 66 

2.77 

2.  15 

1  .  85 

1  .60 

2.71 

3.65 

2  99 

1  .61 

2.26 

san'  on 

[GO, 

CALIFORNIA 

LATT  = 

32 

.44   LONG=  117 

10 

YRS  = 

29. 

ELEV.=    13. 

TP5  = 

31  . 

75   TP6  =   SS.90 

TMAX 

18.  1 

18.6 

19  .  3 

20.7 

21  .6 

22.6 

24.9 

25.5 

25.3 

22.5 

22.2 

19.4 

TMIN 

7.4 

8.3 

10.  1 

12  .  1 

13.9 

15  .  4 

17  .4 

18. S 

16  .8 

14.3 

10.8 

3.4 

CVT 

0.  1  1 

0.08 

0.07 

O.OS 

0.07 

0.05 

0.04 

0.03 

0.09 

0.  10 

0.  10 

0.09 

RAD 

244  . 

302  . 

397. 

457. 

506. 

487. 

497  . 

464. 

389. 

320. 

277. 

221  . 

P5MX 

16.51 

8.64 

9.40 

7.27 

8.33 

0.51 

1  .02 

7.87 

4  .06 

3  .31 

8.64 

15.75 

PW/D 

0.  124 

0 .  13  1 

0.  139 

0.  103 

0.047 

0.025 

COOS 

0  010 

0.019 

0 .  046 

C.  103 

0.111 

PW/W 

0.580 

0.338 

C.427 

0.465 

0.  393 

0.  190 

C.250 

C  •  333 

0.  363 

0.  250 

0.473 

0.453 

MEAN 

6.36 

6.60 

5  .  59 

4.32 

1  78 

1  .52 

1  .02 

3 .  56 

4  .83 

3  .  30 

6.33 

6.G0 

SDEV 

9.  14 

8  .  33 

3.13 

5  .34 

2.54 

1  .73 

1  .02 

6  .  35 

6.  10 

5  .  33 

7.87 

9  .  65 

SKEW 

2.21 

1  .86 

3.12 

2.34 

2.35 

1  .55 

1  .75 

2.63 

1.71 

2.06 

2.35 

2  .79 

SAN'  FRANCISCO.  CALIFORNIA 

LATT  = 

37 

.78   LCNG=  122 

42 

YRS  = 

33  . 

ELEV.=    52. 

TP5  = 

31  . 

75   TPG=  101 .GO 

TMAX 

13  .  2 

14  .5 

15  .9 

16.5 

17.4 

18  3 

17  .£ 

18  .3 

20.  5 

20.  2 

17  .  C 

14  .  2 

/ 

T.V.1N 

7.5 

8.5 

9  2 

9.7 

10  7 

11.7 

11.8 

12  .  2 

12  .  S 

12.4 

10.  6 

S  .6 

J 

CVT 

0.  12 

0.08 

0.  10 

0  10 

C.  10 

0.  12 

0.03 

C  16 

0.00 

0.03 

O.OS 

0.  10 

RAD 

ISO. 

250. 

350. 

532  . 

592. 

66C. 

672  . 

602  . 

451  . 

320. 

224. 

124. 

P5MX 

12.97 

12.95 

9.  14 

10.  16 

1  .52 

1  .52 

4  .03 

3.81 

3.81 

12.70 

12.37 

9.40 

PW/D 

0.225 

0.  133 

0.203 

0.121 

0.053 

C.042 

0.015 

0.030 

0.028 

0.090 

0.  163 

C .  1G5 

PW/W 

0.652 

0.502 

0.566 

0.515 

0.429 

0.250 

0.091 

0.238 

0.2S0 

0.  335 

0.537 

0.580 

' 

MEAN 

10.  16 

7.37 

6.60 

6.60 

3.31 

2.3C 

0.51 

1  .52 

5.03 

G.SO 

7.52 

9.40 

SDEV 

1  1  .94 

8.  13 

8.  13 

8.38 

5.84 

6.  86 

C.25 

2.79 

1  1  .94 

1  1  .43 

8.38 

10.92 

SKEW 

2.  17 

1  .79 

2.41 

2.67 

3.  13 

3  .  44 

0.4  1 

3.'37 

3.37 

2.S4 

1  .24 

1  .99 

&)l 
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APPENDIX  : 

•• 

r\ 

(S* 

> 

r 

4..1:,. 

ST.    VARIABLE 

J 

r 

M 

A 

K 

J 

J 

A 

S 

0 

N 

D 

9 

r 

COLORADO  SPRINGS.  COL 

0RAD3 

* 

r 
■ 

LA7T  = 

38.49   L3.\IG= 

tl 

.  4  3 

( 

t 

YRS  = 

IP.   ELEV.=>   1 

45  . 

l 

-,'  r>  ~,  = 

46.99   TP6=   a 

5  .0 

> 

Tf.'.AX 

5.  5 

7  .  1 

9  6 

14.9 

20.2 

25  .  3 

20    C 

2S.2 

24.4 

«  C   1 

10  7 

7  .  1 

't 

TK I  N 

-9.3 

-7  .7 

-5  .  1 

0  .  2 

5.3 

10.5 

13.7 

13.1 

8.4 

•^   *-, 

-4  .  7 

-7.4 

"~ 

CVT 

C.3S 

0.3G 

C.29 

0.  15 

C.  12 

t-    no 

C.C- 

0.11 

C.  10 

0.  12 

0.  13 

0.21 

RAD 

2CG  . 

273. 

406  . 

455. 

465  . 

530. 

525. 

444  . 

4  17. 

3  15. 

527. 

157  . 

P5UX 

2.29 

0.76 

3.61 

7  .37 

18.80 

27.59 

19. 2C 

50  .  30 

20.07 

77  .72 

4  oo 

1  .02 

PW/D 

0.098 

0.  123 

0.  173 

0.  159 

0.  232 

C.225 

0.400 

0.25  2 

0.  140 

0.111 

o .  05  :• 

C.037 

PW/W 

0.333 

0.400 

0.467 

0.45G 

0.530 

C.4S7 

0.52' 

0.559 

0.423 

0.424 

0.365 

C.  223 

( 

V 

MEAN 

1  .78 

1  .78 

2.54 

4.32 

5  .59 

5.84 

5.32 

5  .33 

5.53 

4  32 

3  .  22 

1  .78 

i 

SDEV 

2.54 

2.03 

3  .05 

7.11 

8  .89 

10.67 

3.13 

7  .62 

7  .37 

6.35 

3.55 

1.79 

> 

SKEW 

3.  10 

2.53 

1  .89 

2.51 

3.08 

2.83 

4.02 

4  .  25 

2.  16 

3.  12 

2.C-4 

2  .  00 

. 

DENVER 

,  COLORADO 

t 

r 

LA77  = 

39.77   LONG* 

104 

.38 

~ 

" 

j 

VRS» 

33.   ELEV.=  52 

S3. 

( 

TP5  = 

45.72   TP6=   32. 5- 

5 

Tr.'.AX 

5.S 

7.0 

9  .9 

15.3 

21  .4 

27  .5 

31.3 

30  4 

26.  1 

13.2 

10.5 

7  .  3 

TWIN 

-9  .6 

-7  .5 

-5  .  1 

0.2 

5.4 

10.  6 

14.1 

13.4 

3.2 

2.3 

-4  .7 

-7  .6 

I 

CVT 

0.3S 

0.35 

0.27 

C.  15 

C.  10 

0.05 

C.04 

0.  1  1 

0.09 

C.  12 

0.2' 

0.31 

1 

i 

RAD 

2C3. 

270. 

4C3  . 

462. 

462. 

527  . 

522. 

44  1  . 

414  . 

312. 

224. 

134. 

P5MX 

1  .78 

3. 55 

3.30 

4  .33 

5  .38 

1C.41 

17  .52 

21  .50 

11.63 

4  .OS 

2.5c 

2.  05 

PW/D 

0.  130 

0.  177 

0.201 

0  .  202 

0.208 

0.  246 

0.237 

0.228 

C.  149 

0.H3 

0.  122 

0.  125 

PW/W 

0.423 

0.284 

0.503 

0.  4S3 

0.  540 

0.443 

0.435 

C  373 

0.419 

0.403 

0.427 

C.334 

MEAN' 

2.29 

3.  30 

3  .  55 

4. S3 

7.11 

4  .82 

5.32 

4  .  32 

5.03 

5  .  59 

3  .  oc 

2.29 

( 

| 

SDEV 

3.30 

4  .03 

4  .57 

8.89 

1  1  .43 

s  4^ 

8.  13 

7  .27 

7.11 

7.37 

3.61 

2.54 

SKEW 

3.  13 

2.43 

3.05 

5  .  33 

2  .94 

5  .05 

2.69 

3  .  45 

2.21 

2.45 

1.4S 

2.03 

f 

^HfiBAN'S  . 

JUNCTION.  COLORADO 

I 

4rVT= 

39.07   LONG= 

102 

.32 

1 

^#s= 

21  .  -  ELEV.=  45 

55. 

E 

mtfpz* 

32. 2S   TP6  =   57 

3 

_*T3*. 

c 

r 

w 

TMAX 

1  .6 

5.4 

11.6 

18.3 

24.  1 

29.3 

33 . 6 

31  .7 

27.3 

19.7 

3.7 

3  .4 

r%.f*  { 

TWIN 

-3.2 

-4.8 

-1  .0 

4.2 

9.4 

13.7 

17.7 

16.7 

12.4 

5.9 

-2.2 

-6.7 

xb" 

CVT 

0.2S 

C.20 

0.  13 

C.  1  1 

0.  10 

0.06 

0.04 

0.  10 

0.03 

C  1  1 

0.  15 

0.27 

RAD 

227. 

324  . 

434  . 

546. 

615. 

703. 

676 

535. 

514. 

3  73. 

260. 

212. 

P5MX 

i    r»*> 

2  .79 

3.05 

4.05 

3.20 

5.08 

32.51 

7.87 

8.36 

4.05 

3.  05 

3  .05 

PW/D 

0.  173 

0.  182 

0.  179 

0.  163 

C.  107 

C035 

0  114 

0.  1S4 

0.  135 

0.  107 

C.  127 

0.  1GS 

\- 

PW/W 

0.407 

0.410 

0.33S 

0.404 

0.476 

C.427 

C  .  3  1 S 

0  384 

0.391 

C.475 

0.335 

0.34.4 

i 

MEAN 

2  29 

2.29 

2.29 

2.79 

3.05 

2.30 

2.29 

3.81 

3.61 

«j  do 

3.05 

2.54 

SDEV 

2.79 

2.54 

2.78 

3.81 

3.30 

4.57 

3  .  5c 

4  .83 

4  .57 

4.22 

3.3' 

3.81 

e 

i 

SKEW 

2.26 

2  .02 

2.63 

2.70 

1  .44 

2.92 

2.6' 

2  .25 

2.  25 

1  .52 

2  .22 

5  .02 

PUESLO 

,  COLORADO 

LA7T  = 

38. 17   LONG* 

104 

.31 

. 

YRS  = 

27.   ELEV.=  45 

84. 

TP5  = 

43. 2S   TP6  =   8 

8.2! 

9 

TMAX 

7.4 

9.2 

12.7 

18.8 

24  .  1 

30.5 

33.4 

22.  1 

28.  1 

21.6 

13.2 

9.3 

TWIN 

-9  .  S 

-7.  1 

-3.7 

1  .2 

7.7 

12.9 

16.0 

15.3 

10.3 

3.7 

-4.3 

-6.0 

c 

CVT 

C  78 

C.26 

0.26 

0.  13 

0.  10 

C.05 

0.C4 

0.  10 

0.08 

0.  13 

0.  15 

0.27 

RAD 

2C .- . 

275. 

408  . 

467. 

467  . 

532  . 

527. 

446  . 

419. 

317. 

528. 

139  . 

P5KX 

0.76 

1  .02 

4  .83 

11.63 

13.30 

34  .  29 

21  .03 

30.  23 

5.08 

2.29 

2.03 

3.05 

PW/D 

0.  104 

0 .  113 

0.  136 

0.116 

0.  172 

0.  ISO 

0.246 

0.230 

0.  143 

0.092 

0.033 

0.07  1 

PW/W 

C.3G2 

0.4  11 

0.455 

0.404 

0.455 

0.4  17 

0.370 

0.417 

0.301 

0.372 

0.2=2 

0435 

MEAN 

1  .52 

1  .75 

2  .54 

5.33 

5.33 

4.05 

5.33 

5.33 

4  .  06 

5.34 

3  2"\ 

2.03 

SDEV 

2.03 

1  .78 

3.05 

8.64 

8.89 

e.  10 

7.62 

3.40 

5.34 

9.40 

3.32 

2.23 

SKEW 

2.33 

2  .20 

2  24 

3.  13 

3  .  53 

2.87 

2.57 

3.32 

2.  19 

4  .  62 

1  .  15 

1  .30 

c 

HARTFORD  (WINDSOR  LOG 

KS) 

CT 

: 

LATT  = 

4  1.93   LONG=. 

72 

.68 

YRS  = 

53.   ELEV.=   1G9. 

TP5  = 

57 . 15   TPS=  12 

5.73 

TMAX 

2.  3 

3.  3 

8.6 

15.5 

22  .4 

27  .2 

29.8 

23  .  3 

24  .2 

18.2 

10. S 

3  .9 

£ 

TMIN 

-7.3 

-7.7 

-2.5 

2.2 

8.3 

13.3 

16.  7 

15.5 

11.2 

5.0 

-0.4 

-6.6 

V^V 

CVT 

0.39 

0.4  2 

0.29 

0.  13 

0.  1  1 

0.09 

0.0c 

0.13 

0.  1  1 

0.  14 

0.21 

0.  35 

^ 

^"s*i^ 

RAD 

154  . 

219  . 

300. 

354  . 

456. 

•  512. 

525. 

450. 

350. 

233  . 

166  . 

124  . 

4 

P5MX 

7.62 

7.11 

6.60 

14.73 

16.00 

14.73 

36.07 

33.02 

22.55 

36.83 

5.52 

10.  16 

© 

w 

PW/D 

0.311 

0.31  1 

0.301 

0.310 

0.309 

0295 

0.275 

0.274 

0.235 

0.  182 

0.257 

0.237 

PW/W 

0.  405 

0.454 

0.445 

0.475 

0.412 

C.459 

0.353 

0.337 

0  .  444 

0.421 

0.512 

0.493 

MEAN 

7.11 

8.  13 

9.40 

8.89 

6.86 

7.62 

8.33 

10.92 

10.57 

1  1  .43 

9  .  14 

3  .  89 

SDEV 

8.89 

10.67 

10.92 

1  1  .58 

9.  14 

11.18 

11.18 

2  1  .03 

16.76 

15.51 

1  1  .53 

11.15 

SKEW 

2.33 

2.04 

2.09 

2.66 

2  .49 

2.96 

2.56 

5.82 

3.30 

3.07 

2.42 

1  .77 

C/0 


y""*»v  APPENDIX  I 

Wr       STA.   ST.    VARIABLE       J      f7      M      ^  M      J  A      S      0      N      D 

'-■7    ECISE.  I  CAMP 

LA77  =   43.57   LONG*  116.22 

VR3=   3 1 .   ETLEV. =  2833 . 

TP'j-   10.03   TPS  =   4.;  ,;;■ 

TKAX  2.3  5.?  10.8  17.4  22.2  23. S  21     Z  3'. 5  26.0  13. 5  2  1  4.1 

TKIN  -5. S  -3.1  -0.1  3.0  6.S  lO.e  15.C  13.1  S.1  2.2  -1.?  -3.9 

CVT  0.27  0.22  0.20  015  0.12  3.12  2.0=  0.^5  0.11  C  14  0.24  0.2? 

RAD  13£.  23c.  342.  432.  5S5 .  =  35.  570.  57c.  4G0.  301.  182.  124. 

P5MX  2.22  7.11  4.57  4.83  5.33  7.37  7.5?  '3.97  2.56  '4.22  2  .  2T-  1.27 

PW/D  0.317  0.225  0.223  0.211  C.13G  C.150  2.252  00=3  0.032  0.152  0.2'2  0.271 

PW/W  0.5S5  0.555  0.459  C  .  403  C.47G  C  .  464  0.252  0.353  0.370  0.323  0.53-  0.543" 

MEAN  2.30  2.79  2.54  3.  8  1  4  .  OS  2.81  2  2=  3.53  3.30  3  .  05  3.52  2.79 

SDEV  4.0c  3.30  3.05  4.83  5. OS  5.33  4.2=  4. £2  3. 31  2.73  2.5=  3.31 

SKEW  2.65  2.82  3.10  2.73  2.14  - . £7  i.22  1  .  £6  1.9  1  1.30  1.-2  2.30 

P0CATELL3,  IDAHO 
LAT7  =   42.55   LONG"  112.36 
YRS=   21 .   ELSV. =  4^54 . 
TPS  =   25.40   TP5  =   49.53 


TKAX 

-0.2 

2.5 

7  .8 

15  .4 

20  .  7 

25  .  4 

32  Z 

20  ~S 

25.0 

'7  7 

7  .  4 

2.4 

TKIN 

-10.6 

-7  .9 

-3.G 

0.7 

4  .9 

S  7 

.  4.  .  s 

11.5 

G.4 

1  .  3 

—  *f  .  4. 

-7  .5 

CVT 

0.42 

0  30 

C.24 

0.  14 

0.12 

«■   «  r\ 

C .  2<  7 

0.  1G 

0.  10 

0.  14 

0.21 

0.35 

RAD 

152. 

23S. 

254. 

46  1  . 

55  1  . 

59  1  . 

SO'  . 

532. 

4  31. 

255  . 

17"  . 

130. 

P5MX 

2.03 

3  .05 

2.  79 

2.05 

3  .  55 

7. 87 

'.2  .  73 

3  .  6  1 

4  .57 

13  .  72 

2  ~3 

1  .  73 

PW/D 

0.282 

0.253 

0.230 

0.213 

0  194 

0.169 

2  .  325 

0  .  1 07 

0.029 

0  1  10 

0.  13- 

0.  252 

PW/W 

r\     —  «  « 

C.  524 

0.479 

0.  360 

0.5OS 

C  .  502 

0.23  = 

0  .  3  £  0 

0.353 

C.  270 

0.453 

0  .  5  4  s 

MEAN 

2.29 

2.03 

2.03 

3.31 

3.30 

2.81 

2  5- 

2  .  5c 

3  .05 

2.81 

2  .  73 

2.29 

SDEV 

3.05 

2.54 

2.03 

3.S1 

4  ,  57 

-.S3 

3  3" 

4  .£3 

4  .03 

4  .  82 

2.33 

2.79 

SKEW 

3.  04 

2.3  = 

2  .  14 

1  .93 

2.23 

2.11 

2.7  = 

2.24 

2.00 

3.21 

2  .  -2 

2.S8 

LINGS,  MONTANA 
TT=   45.80   L0NG  =  108.52 
S=   3G.   ELEV.=  3567. 
5=   34.29   TP6=   63  53 


TMAX 

0.7 

2.2 

6.3 

14  .  1 

20.  1 

24  .  4 

21.4 

29.6 

23.  1 

15  .4 

7.2 

3.7 

TMIN 

-10.5 

-9.3 

-4.4 

1  .4 

7.4 

12.2 

1G.0 

14. S 

8.5 

2.  S 

-3.S 

-7.7 

CVT 

0.4S 

0.45 

0.25 

0.  1S 

0.  14 

C  12 

0.06 

0.13 

0.11 

0.  15 

0.34 

0.33 

RAD 

150. 

26  1  . 

372. 

462. 

5G3. 

-  -  o 

624. 

525. 

432. 

2G9. 

172. 

133. 

P5MX 

2.29 

2.03 

4  .05 

4  .63 

11.18 

12.45 

30.  23 

1  1  .66 

6  .  10 

3.  05 

7.G2 

2.54 

PW/D 

0.  193 

0.  184 

0.24  1 

0.  223 

0.270 

C214 

0.  177 

0.  170 

0.  165 

0.  150 

0.  166 

0.  139 

PW/W 

0.442 

0.500 

0.423 

0.475 

0.544 

C.431 

0328 

0.376 

0.414 

0.307 

0.347 

0.439 

MEAN 

2.29 

2.54 

2.7S 

5.33 

4.83 

5.33 

3.30 

4.03 

4.57 

3. 81 

3.30 

2.54 

SDEV 

2.54 

2.54 

3.56 

7.87 

7.37 

7.52 

6.  10 

5.84 

7.11 

5.03 

5.05 

3.30 

SKEW 

1  .77 

1  .94 

2.75 

3.86 

4.29 

2. 84 

4.31 

4.00 

3.91 

2.55 

3.05 

2.22 

ci& 


< 


i 


r>s 


APPENDIX  I 


ST; 


5T 


VARIABLF 


g;?eat 

.rAt.LS.  MONTANA 

LATT  = 

47 . 29   LONG"  ■ 1 

1 

?  ? 

Y«S  = 

32.   ELEV.=  35GI 

TPjn 

32 . 2G   TPC  =   £3 . 

Is   Vi 

TMAX 

-o.: 

1  .  1 

5  .  1 

12.9 

13.7 

21  .  ~ 

TWIN 

-10.8 

-10.2 

-6  .  6 

-0.  1 

4  .  6 

—  ~ 

CVT 

C  5c 

0.45 

0.37 

0.20 

0.  14 

j  . 

RAO 

140. 

232. 

366. 

434  . 

523  . 

322  . 

P5MX 

4  .  C3 

2  .54 

2.29 

4.57 

L.59 

25*5 

PW/D 

0.210 

C.21  1 

0.207 

0.24  5 

0.239 

C  23" 

PW/W 

0.52S 

C.430 

0.478 

0.420 

C.523 

Z    354 

MEAN 

2  .54 

2.54 

2.54 

2.55 

5.  84 

S .  23 

SDEV 

3.30 

3  .05 

2.  05 

5.59 

9.  14 

2  .  '•- 

SKEW 

2.41 

2.73 

2.90 

4  99 

3  .24 

3  .  C  • 

HAVRE . 

MONTANA 

-, 

LATT" 

43.33   LONG"  1C 

9 

45 

YRS  = 

10.   ELEV.=  2534 

TP5- 

32.25   TP3  =   £7. 

3 

1 

TMAX 

-4  .  3 

-2  .5 

3.2 

13.6 

20.3 

23  .2 

TWIN 

-15. £ 

-14.3 

-S.9 

-1.3 

4  .3 

3  2 

CVT 

1  .25 

0.85 

0.50 

0.32 

0.  14 

3.13 

RAO 

125  . 

227. 

231  . 

429 

523. 

373  . 

P5MX 

1  .02 

2  54 

3.05 

3  .05 

14  .  73 

'.  Z  .  4  1 

PW/D 

0  .  133 

0'.  162 

0.  169 

0.  1S3 

0.  237 

C  323 

PW/W 

0.503 

0.  43  1 

0  317 

0.449 

0.457 

3.522 

WEAN 

1  .52 

1  .  52 

1  .76 

4  .05 

4  .32 

3  .  32 

SDEV 

1  .73 

1  .  27 

2  03 

5.  OS 

6  .  35 

-  3  3 

SKEW 

2  .  84 

1  .30 

2.95 

2.63 

2.91 

2.33 

HELENA 

.  MONTANA 

|latt= 

4S  .  36   LONG-  1  1 

2 

00 

'yrs  = 

30.   ELEV.=  3223 

- 

TP5  = 

30.48   TP6  =   57. 

15 

TMAX 

-1  .s 

0.9 

5.8 

13.4 

18.8 

22  .  4 

TWIN 

-12.1 

-10.7 

-5.6 

-0.8 

4  .  4 

£  .  "• 

CVT 

0.51 

0 .  35 

0.25 

0.  17 

0.  13 

2 .  *.  *"*■ 

RAD 

142. 

234 

363. 

436. 

530 . 

355  . 

P5MX 

1  .73 

2.03 

2.03 

3.55 

4  .83 

2  2  .  T3 

PW/C 

0.215 

0.  134 

C.200 

0.249 

0.2SC 

3.255 

PW/W 

0.423 

0.325 

0.421 

0-.  373 

0.495 

C  .  3"3 

MEAN 

1  .76 

1  .78 

2.29 

3.C3 

4  .  32 

4. £3 

SDEV 

2.  03 

2  29 

2.79 

4  .05 

G.86 

—  ~  3 

SKEW 

2.55 

2.79 

1  .99 

2.74 

4  .01 

***  r  = 

2  '  .  2 

13.1 

G  2 

?' 

2  4 

2  /■* 

—  *- .  2 

-7  3 

3.13 

C.  :  = 

0.22 

0.31' 

-Z~  . 

254. 

154. 

112. 

2.33 

2.21 

3.13 

1  .73 

rs      * >jo 

"  '35 

0.  17? 

.425 

0.  222 

\j  .  '•  z,  :■ 

0.431 

2  .  3  i 

2  .  55 

3.23 

7  .29 

4  .  S3 

4  .05 

3  .  53 

2  23 

2.22 

2.12 

2.33 

1.31 

-11  5 


■JO*3  4  -    C°   -7 

0.22  2  15   0.22   0.4  2  0.S2 

527 .  422.   253.    149.  107 . 

"2  2.75   7.G2   1.73  2.32 

2  0. 123  0. 123  O. 132  2. 144 

-  O  423  0  .  2  7  2  2.234  0.432 

_  4.0c   3.32   2.23  1.73 


15-2.22   2.13   2.2; 


2  .  45 


F.I  27. 5   21.6  14.9  5.3  1.2 

' .2  12.1    5.1  0.2  -t  .2  -9.9 

25  0.14   0.14  c.15  2.2  7  0.22 

: • .  534 .   40= .  253 .  153 .  114. 

22  12.6"   5.32  1.73  1.32  2. 22 

22  0.2C7  0.14"  0.152  0.122  0.133 

?  2  '•  0.35'  0 .  -  -  S  C.33  1  0.337  0.481 

33  3.52   3.03  2.75  2.03  1.73 

22  4.22   4.32  3.31  2.T9  1.78 

4  3  2.0"   2.84  2.40  2.34  1.31 


KALISPELL,  MONTANA 
LATT=   48. 18   LONG=  1 L 


YRS  = 

2  1  .   ELEV. =  2935. 

TP5  = 

22. 10   TPS=   54 .61 

TMAX 

-2.4 

1  .  1 

5.7 

13.6 

19.  1 

22  .  5 

23  .  ~ 

2*t  2 

21.2 

12.3 

4  .  1 

-0.4 

TMIN 

-11.1 

-3.5 

-5.9 

-O.G 

3.3 

—  ', 

5  .  ~ 

7  .2 

4.0 

-0.2 

-5  2 

-7  .4 

CVT 

0.51 

0.41 

0.42 

0.  16 

0.  12 

2 .  "0 

2 .  22 

0.13 

C.  15 

0.  15 

0.4  1 

0.52 

RAD 

135. 

227 

36  1  . 

429. 

522. 

573. 

524  . 

527  . 

402 

233  . 

145  . 

107. 

P5MX 

2.03 

1  .78 

3  .  55 

4.C5 

7  .62 

1  —  .  £  2 

3  .  £4 

32  .  42 

12.  13 

2.54 

2.C3 

2.54 

PW/D 

0.382 

0.309 

C.249 

0.250 

0.264 

3  3  '•  2 

2 .  '  43 

0  .  164 

0.  12" 

0.217 

C.322 

0.431 

PW/W 

0.658 

0.537 

0.539 

0.  4  29 

0.51S 

C.533 

1.312 

2.512 

0.52? 

0.  540 

C  .323 

0.370 

MEAN 

2.54 

2  .03 

1  .73 

2.79 

4  .05 

5  .  25 

2  3  i 

4  .  32 

2.55 

2.  79 

"•  "7  c 

2.34 

SDEV 

2.79 

2.54 

2  29 

4.32 

5.33 

5  .  52 

4  .  33 

5  53 

4  .57 

3.05 

3  .  3c 

3.  30 

SKEW 

2.03 

2  .49 

2.63 

4  .  53 

3.04 

2 .  5^ 

2.  '5 

2  .  23 

2  .  57 

1  .64 

2  .  22 

3.62 

MILES 

CITY,  MONTANA 

LATT  = 

46.  2G   LONG-=  105 

.32 

VRS- 

23.   ELEV.=  2322. 

TP5  = 

4  2.94   TPG=   RI .2 

3 

4 

tma>: 

-2.6 

-C.  1 

5  .7 

14. S 

2  1.4 

23  .  £ 

31.3 

33  .  £ 

24  .0 

1€  .  ? 

6  4 

0.3 

( 

J 

TMIN 

-14.7 

-12.3 

-7.0 

0.4 

6.7 

'1.4 

"2.2 

'4.2 

£  .  2 

1  .  9 

_  c  - 

-  10.7 

>fc.,_j^ 

/ 

CVT 

0.75 

0.64 

045 

0.21 

0.  16 

2  .  '  '. 

3.32 

0.  1£ 

^>  .  i  — 

0.  IS 

0.22 

055 

•# 

RAD 

140. 

232  . 

366  . 

434. 

528. 

5  3  3. 

-  ~*  3 

332 

427  . 

264. 

154 

112. 

P5M>: 

1  .02 

2.54 

3.  05 

3.05 

14.73 

'2.4: 

'.  '    52 

•2.72 

2.79 

7.G2 

1  .7? 

2.03 

PW/D 

0.212 

0.  133 

0 .  200 

0.213 

0.252 

C  .  333 

2  .  22  Z 

2  .  1  55 

0.  146 

0  .  1? :. 

0.  132 

0.  163 

PW/W 

0.444 

0.467 

0.335 

0.433 

0.507 

C.-*2  1 

0  344 

2  233 

0  420 

0.2  24 

0.233 

0.497 

MEAN 

1  .52 

2.03 

2.03 

4.06 

5.03 

3  .  23 

5  .12 

4  .  22 

3. ST 

2.54 

2  .54 

1  .75 

SDEV 

1  .73 

2.54 

2.29 

5.08 

7.37 

2  .  "-4 

7  *• " 

6.10 

5.53 

4.32 

2.3' 

1  .75 

SKEW 

2.05 

3  .46 

2.01 

2.42 

2.20 

3.12 

2  .22 

2  92 

2. =2 

5.02 

4.33 

1  .61 

En 

4 


i 


r-\ 


ATPENDIX 


ST 


VARIABL 


REND. 

NEVADA 

LATT. 

39.30   L3NG= 

1 

19 

.  •*  / 

YRS"" 

15.   ELEV.=  43 

O  ' 

TP5  = 

22.35   T?o=   6 

3 

5 

-j 

TMAX 

7.G 

10.5 

13.5 

1  £  .  7 

2   ° 

27.* 

TWIN 

-6  .5 

-5  .  8 

-4  .  1 

-0.9 

2  9 

z.  .  £ 

CVT 

C  3 ' 

C.24 

0.  20 

0.  14 

0.12 

2.12 

RAD 

223. 

3  16. 

374. 

551  . 

615  . 

39  '.  . 

P5MX 

4  .  OG 

2.05 

2  79 

1  .78 

3.  05 

2  .  C2 

PW/D 

C  .  1  35 

0.113 

0.  135 

0.  101 

0.  101 

C.074 

PW/W 

O.AQQ 

0.454 

0-330 

0.349 

0.414 

C.385 

MEAN 

5.08 

4.  £3 

3.20 

3.30 

4,  22 

2  .  20 

SDEV 

6.60 

S.GO 

4  .05 

5.  84 

5.;:  4 

2  .  53 

SKEW 

2.51 

2  .  77 

2.11 

4  .  1£ 

2.32 

*  —  7 

.-  .  C  ^    ^  .  -3  - 


32  .  2 

27  .  9 

21.2 

13.9 

8  .  4 

"7   « 

3  .  7 

-C.4 

-4  .  g 

-7.2 

C  .  1  2 

0.10 

0.  12 

0.15 

0.24 

58  1  . 

510. 

357  . 

242 

1S2. 

9 .  •;c 

3.05 

2.81 

3  .  05 

4  .05 

0  .04  9 

0  .  044 

0.046 

0.032 

0.  133 

*%  a  *)r\ 

0.  297 

0.250 

0 .  500 

0.4S4 

2  .  54 

3.81 

4.32 

3.55 

4.  S3 

3.21 

3.55 

7.11 

4  .05 

7.11 

2  92 

0.75 

2  .  42 

1  .77 

3  .  3-^ 

WINNEMUCCA,  NEVADA 

LA7Ta       40.54       LO.\IG  =     117 


VP5  = 

S7 .   ELEV . =  4299 

7P5-: 

19.05   TP6  =   36.2 

TWAX 

3  .  0 

5  .  7 

10.3 

16.3 

21  .5 

2  o .  * 

TMIN 

-7  .7 

-3.9 

-2  .  1 

0.  1 

4  .7 

S.5 

CVT 

0.43 

0.33 

0.24 

0.  1S 

C.  15 

Z .  '■  *. 

RAC 

236. 

32S  . 

458. 

533  . 

625  . 

7  12. 

P5f.;x 

3  .  30 

2.79 

2  .  54 

4  .  57 

5  .  33 

£  .  54 

PW/D 

0.  198 

0.  177 

0.  153 

0.  145 

0.  147 

C  .  1  1  3 

PW/W 

0457 

0.426 

C.443 

0.  35  1 

C.44S 

0.554 

MEAN 

2.7  = 

2.79 

2.29 

3.56 

3.05 

SDEV 

3. 05 

3.30 

2  .  54 

4.32 

3  .  56 

5  53 

SKEW 

1  .  G4 

2  .  15 

2.11 

1  .77 

1  .37 

1.57 

10.5 

-wo  .     I  *3 

SIS  . 
3.13 
5.052 
;.2S9 
3.81 
4  .57 
1  .85 


25.2 

5.3 

0.  12 

5  18. 

4  .S3 


18  .  1 


10. 


0.  15 
394 


0    053    0.0S7 
0.340    C 

2.  73 

3.31 

2:31 


0.22 

229 

2.54 

0.  149 

5    0.495 

3.56       3.05 

5 . 33       3 . 30 

4.53       2.07 


'.39 

.10. 

!.33 
133 

473 
1.7S 
>    3^ 

!.70 


o 


KO.     NEVADA 

ATT  =       40.50       L0NG=     115.47 
RS  =       27.        ELEV.=    5075. 
TP5=        19.05       TP6=       40.64 


TMAX 

1  .4 

4.6 

9.6 

15. S 

21  .4 

25.  1 

32  .  5 

31  .7 

26.3 

18.8 

£ .  5 

3 .  S 

TMIN 

-12.7 

-8.6 

-5.  1 

-1.8 

1  .9 

5.3 

9  5 

7.8 

2.4 

-1.7 

-6.S 

-9.5 

CVT 

0.57 

0.47 

0.25 

0.  19 

0.  13 

C  1  1 

0.07 

0.  15 

0.  13 

0.  14 

0.2" 

0.45 

RAD 

221. 

339. 

458. 

563. 

647. 

618. 

518. 

394  . 

282  . 

215. 

P5MX 

2. 03 

2.29 

3.C5 

4.57 

3  .05 

7.62 

1  1  .68 

2.54 

8.89 

3.05 

2.54 

2.54 

PW/D 

0.224 

0.213 

0.  212 

0.  163 

0.  175 

0.  130 

0.095 

0.091 

0.033 

0.080 

0.  145 

0.220 

PW/W 

0.467 

C532 

0.420 

0  .473 

0.532 

0.547 

0.310 

0.354 

0.250 

0.333 

0.435 

0.433 

MEAN 

3.30 

.  .  03 

2.54 

2.54 

2.79 

3.81 

2.29 

4.57 

2.54 

3  .  5G 

3  .  05 

3.05 

SDEV 

4.57 

2.73 

3  05 

3.30 

3.30 

5.08 

3  .  30 

12  .45 

4.32 

4. £2 

3 . 3  : 

2.56 

SKEW 

2.S7 

2.56 

1  .90 

2.64 

2.  12 

2  .  30 

2.46 

7  .07 

4  .84 

2.25 

1  .20 

2.09 

LAS  VE 

GAS, 

NEVADA 

* 

LATT  = 

30.03   L0NG  =  115 

.  17 

YRS  = 

21  . 

ELEV.=  2162. 

TP5  = 

26. 

G7   TP6=   51.0 

5 

TMAX 

13.0 

16.7 

20.5 

25.9 

31.1 

37.2 

40.8 

39.6 

35.7 

27.6 

19  = 

14.5 

TMIN 

0.6 

3.7 

6.7 

11.4 

15.7 

20.  1 

24.2 

23  1 

10. 4 

11.7 

4  .  3 

1  .9 

CVT 

0.  17 

0.  14 

0.  13 

0.11 

0.  10 

0  .  OS 

0.03 

C.  1  1 

0 . 0?-' 

0.  10 

0.  13 

0.  15 

RAD 

277. 

384. 

51S. 

621  . 

702. 

675. 

627. 

551  . 

429. 

312. 

252. 

P5MX 

3.05 

6.35 

5.03 

2.54 

7.37 

0.75 

24  .  13 

1 6 .  00 

12.70 

7.37 

2. 02 

3  .  55 

PW/D 

0.061 

0.065 

0.055 

0.048 

0.C25 

0.022 

0.037 

0.082 

0.040 

0.04  1 

0.055 

0.047 

PW/W 

0.  271 

0 .  :•;  1 1 

0.  345 

0.250 

0.211 

0.C7  1 

0.275 

0.161 

0.258 

0.302 

0.322 

0.  356 

MEAN 

4  .05 

3.05 

3.05 

3.56 

2.79 

4.  OS 

4.57 

4  .83 

5.05 

3.05 

5.54 

3.20 

SDEV 

4.57 

3.05 

4.  OS 

5.08 

3.8  1 

5.33 

7.37 

10.  16 

7.11 

4  .06 

7.87 

4.57 

SKEW 

1  .54 

t  .53 

2.29 

2.66 

2.04 

1  .93 

2.93 

4.59 

2.07 

1  .80 

1  .53 

2.50 

-T2o 


< 


APPENDIX     I 


NfcTA .   ST.    VARIABLE 

J 

F 

) 
K 

A 

M 

J 

J 

A 

S 

c 

N 

D 

j 

0* 

lE'JCERCUE,  MEW  MEXICO 

LATT  =   35.05   LCNG=  1 

03 

G2 

N  ••:=   32.   El.EV.  ^  53  1 

1  . 

v  • 

C  j 

7?5  =   37.52   TPG=   77 

.  4 

7 

tma>: 

S  .0 

11.2 

14.2 

20.6 

25.  7 

3  ".  .  4 

22  .  9 

31.1 

27  .3 

^  •     ^ 

13  .  4 

3  .  • 

r 

7MIN 

-4.7 

-2.5 

C.4 

5  .7 

11.1 

"62 

1  £  3 

17.9 

14  .2 

7  .  ^ 

-0  .  2 

-  3  .  £ 

CVT 

C  .  23 

0.  13 

0.  1S 

0.11 

0.  10 

C.C7 

0.05 

0.05 

0.07 

C.  10 

0.1? 

i 

k  \D 

303  . 

386  . 

511  . 

618  . 

6S6  . 

725 

583  . 

G2G 

554  . 

43? 

22  — 

276 

? 

P5MX 

4  .  32 

2  .23 

3  .05 

7  .32 

12  .70 

24  .8? 

*  t  25 

14  .48 

9  .  14 

17.53 

3  .05 

4  r  ~ 

PV//C 

c .  oao 

0  030 

0  035 

0.073 

0.03^ 

C.077 

0.2  =  3 

0.240 

0.  123 

C  .  090 

0.070 

r\  <-;  a  ■; 

> 

PW/W 

0.253 

0.332 

0.  346 

0.2G4 

0.  346 

0.412 

0.  395 

0.423 

0.  220 

0.3  78 

0.223 

0.350 

(   f 

MEAN 

2  .  29 

2.54 

3.05 

3.81 

2  .54 

2.8  1 

4  .  C3 

3.81 

3.81 

5.59 

2.73 

3.32 

SDEV 

3.8i 

2 .  29 

3.20 

6.35 

3  .  56 

5.35 

5.59 

5.  OS 

6.  10 

7.62 

3. 05 

4  .05 

t 

SKEW 

3  .50 

1.31 

2.  13 

4.43 

2.28 

3.67 

2  92 

2.45 

4  .74 

2.77 

2.05 

. 

ROSWELL,  MEW  MEXICO 

LATT  = 

33.24   LONG*  104.32 

VRS  = 

24.   ELEV.=  35  12. 

TP5  = 

52.07   TP5=   92." 

r1 

-  - 

TIM  AX 

12. S 

15.5 

20.4 

26  .  1 

30.4 

25.3 

25  .  2 

34  .  1 

30.5 

2-.? 

15 .: 

*   ** 

TWIN 

-5.3 

-4.6 

-1.1 

3.3 

9  .5 

14.5 

16.5 

15.4 

11.3 

5  .  1 

-2  .  : 

~  C  . 

CVT 

0.  22 

0.22 

0.  15 

0.  10 

C  .03 

0.07 

0.05 

0.07 

0.03 

0.  10 

0.  '. : 

.  0. 2: 

RAD 

3  1  3 

4  10. 

527. 

634  . 

594. 

70S. 

646  . 

G20. 

556  . 

—  40 

352. 

232 

P5MX 

«  —  -^ 

n      -53 

2  .73 

7  .37 

22.00 

25.67 

45  .72 

43.23 

23.37 

13.5? 

5.5- 

■  .  w. 

PW/D 

0  CS3 

0.03  7 

0.072 

C.05G 

0 .  09  1 

C.  1  17 

0.  127 

C .  1 73 

0.  125 

0.078 

0.C2: 

r.     r--' 

PW/W 

0.314 

C.  352 

0.255 

0.286 

0.323 

0 .  307 

0.403 

0.42  1 

C.3S4 

0  531 

0  .  33C 

0 .  25' 

MEAN 

4  .  05 

2  .  55 

3  .  36 

4.32 

4.57 

5.05 

5  .  53 

5.54 

5  59 

£.50 

3  .  5-: 

3  .  5; 

SDEV 

5.2  3 

4.02 

5.  32 

6.  10 

S  .38 

7  .  37 

5  .  54 

5.13 

3.91 

1  1  .94 

4  .  £1 

4 .  s: 

SKEW 

2.40 

1  .67 

2.31 

2.31 

5.00 

2.21 

2.76 

2  .45 

3  .03 

2  .47 

2.7' 

'i   ■ ; 

BURNS . 

OREGON 

^W-ATT  = 

43.35   L0NG  =  113 

.03 

#*%RS  = 

21 .   ELEV. =  4140. 

I   JP5  = 

21 .53   TP6=   33. 10 

Mr 

TMftX 

1  .9 

5.5 

10.5 

15.  1 

20.7 

24  .  2 

20.7 

23  .4 

24.5 

17.6 

S  3 

3.4 

w 

TMIN 

-11.0 

-6.4 

-3 .  2 

0.  1 

3.8 

7.4 

11.2 

3  .  7 

4  .  7 

-0.7 

-j.    7 

-E.3 

CVT 

0.41 

0.23 

0.22 

0.  16 

0.  14 

0.  10 

COS 

0.  15 

0.  1  1 

0.  14 

C23 

0.27 

RAD 

13c. 

233. 

342. 

485. 

585  . 

•233  . 

370. 

576. 

460. 

301  . 

152. 

124  . 

P5MX 

2.05 

1  .78 

2.81 

5  .OS 

4.57 

3.05 

7  11 

■i.CS 

2.54 

2  .  75 

2  .  03 

2.02 

PW/D 

0.353 

0.223 

0.233 

0.  175 

0 .  1 80 

C  157 

0.057 

0.052 

0.07  2 

0.  127 

0.20'. 

C243 

PW/W 

0.533 

0.519 

0.545 

0.43S 

0.465 

0.433 

q  2  53 

0  .  332 

0.325 

0.3OS 

0.595 

0.505 

MEAN 

3.55 

3  .30 

2  .  54 

2.54 

2.  05 

2.20 

*s  ^r\ 

3.20 

4  .  32 

3.81 

3.3i 

2. SI 

SDEV 

4.32 

3.51 

2.54 

3  .05 

3  .  56 

2.51 

5.03 

4  .  S3 

G.25 

5  .  23 

4  .  22 

4. S3 

SKEW 

2.47 

2  .05 

2.55 

2.  12 

2.04 

".  .S3 

3  .  55 

2.22 

2  .  2- 

2.45 

2.52 

3  .52 

MEACHUf 

1.  OREGON 

LATT  = 

45.30   L0.\IG  =  118 

.24 

YR5  = 

13.   ELEV.=  4030. 

,     TP5  = 

25.40   TP6=   27.63 

TMAX 

CO 

2.3 

5.5 

10.5 

14  .3 

"3.7 

25.2 

2  *.  .  c 

13.5 

13  .  1 

5.5 

1  .  7 

TMIN 

-7  .3 

-5.7 

-3  .3 

-0.4 

2  .  8 

5.3 

3  .  4 

3  .  ^ 

6.5 

1  .9 

-2.5 

-4.9 

CVT 

0.23 

0.3c 

0.23 

0.  15 

0.  17 

0.12 

COS 

C.  <7 

0.  14 

0.  17 

0.32 

0.23 

RAD 

1  17  . 

^^T 

25  1  . 

E21  . 

6  1  6\ 

550  . 

707  . 

604. 

455. 

274  . 

13^ 

100. 

P5MX 

3.53- 

2  .  79 

2  02 

6.60 

1  .02 

2  .  55 

17.78 

0.5  1 

3  .  55 

2.54 

5.22 

3.30 

PW/D 

0.4  =  4 

0.  321 

0.311 

0.23  1 

0.270 

2.213 

f»   /-\~  S 

0.  100 

0.  122 

0.  124 

0.  235 

0.371 

PW/W 

0.737 

0.725 

C  .  7  1  3 

0.632 

0.  G  10 

2  555 

0.  292 

0.  535 

0.521 

O.GO:: 

0.72' 

0.716 

# 

MEAN 

6.  10 

5.23 

4.57 

4  .  £2 

4.57 

3.03 

2  .  5? 

4  .  £3 

S  .  10 

6  .35 

6.2  3 

6.60 

SDEV 

7.62 

5.53 

4  .  83 

5.54 

4  .53 

;  .  34 

4.32 

5.10 

6.85 

7  .62 

7.52 

5.  33 

SKEW 

2  .  37 

1  .£7 

2  .24 

2.35 

1  .  73 

2.13 

2  32 

1  .  74 

•  .  77 

2  .  33 

2  .  32 

2.34 

MED for: 

,  OREGON 

LATT  = 

42.22   LO.\'G=  122 

32 

YRS  = 

28.   £LEV.=  13  12. 

TP5  = 

26.67   TP5=   75.20 

TMAX 

7  .0 

11.1 

15.1 

18  .7 

22  3 

2S.G 

2".  .6 

2  1.5 

27.5 

20.2 

12  .3 

7.  3 

• 

TMIN 

-1.2 

C.7 

1  .5 

3  .  8 

6.3 

3  .  9 

12.5 

11.2 

5  .4 

4  .7 

1  .  2 

-C.  1 

CVT 

0.25 

0.  19 

0.  16 

0.  14 

0.  12 

^.11 

COS 

C.  12 

0.  10 

0.  15 

0.  '5 

0.21 

<y 

RAD 

1  15  . 

215  . 

336. 

482  . 

522 

352  . 

635  . 

€05. 

447. 

279  . 

142  . 

93. 

P5MX 

3  .51 

4  .57 

5.59 

3.91 

12.45 

7.37 

4  .S3 

9.3  1 

7.62 

4.32 

4.05 

G.S6 

# 

PW/D 

0.  35  1 

0.2G9 

0.236 

0.  123 

0»  174  0. 11 1 

0 .  030- 

0.052 

0.055 

2.  153 

0.27  2 

0.251 

PW/W 

0.555 

0.557 

0.5S3 

C.  534 

0.538  0.452 

0.344 

0.26"' 

0  .  3  1 S 

3.  523 

0.627 

O.G57 

MEAN 

6.  10 

5  .  33 

3.81 

2.79 

3.31 

2.55 

4  .22 

3.81 

4.57 

5.84 

6.  10 

7.11 

SDEV 

8.33 

8  .  35 

4.57 

3.30 

5.59 

2.0  1 

6.55 

3  .  53 

6.  10 

5  .38 

3.SS 

10.4  1 

SKEW 

2.37 

2.  56 

2.35 

2.87 

3.73 

—  .11 

2.21 

1  .  13 

2.45 

2.71 

3.20 

3.7S 

i  r 


I.  pj^UMlp.  |i  * 


S7.f 


([ 


r\ 


APPENDIX     I 


S7A 


ST. 


VAWIAGL: 


>OkTl.\nd,   Oregon 

LA7T  =   45  S3   LON;=  122.57 

YR5  =   55.   CLEV.=-  30. 

TP5  =   25  .  40   TP6=  10-:  .  14 

TMA>  6 .S  9.7  13.1   1 

TMIN  1.5  3.2  5.1 

CV7  0.19  0.13  0.15   C 

RAO  92.  164.  272.   3 

P5MX  7 . S7  9.14  4  . 

PW/D  0.4  25  0.357  0.3 

PW/W  0.S02  0.GS7  0.7 

MEAN  7.87  6.35  5. 

SDEV  S.S9  7.62  5. 

SKEW  1.S9  1.S7  1. 


32  5 
44  0. 
25  O. 
32  4 
59  4 
25   2 


3  .8 
7.2 
.  13 
77  . 
.59 
209 
534 
.32 
.83 
.28 


20.  3 

9.5 

O.  1  1 

4S4  . 

10.41 

0.235 

0.S19 

4.32 

5.08 

2.50 


22.3 

12.4 
0.  10 

11.18 

C.  13S 

0.561 

4  .57 

5.33 

2.  98 


14.2 

O.  10 
54;  . 
9  .  40 
0.07  1 
0.3?G 
2.7^ 
4.05 
2.92 


26.0 
14.4 
0.  13 
4  o  3  . 
9.55 
0.032 
0.535 

4  .83 

5  .  £4 
2.50 


22  .0 
12.4 
0.11 
2  ,v  5  . 
•-  35 
0.  172 
0.49-7 
4.82 
6.  GO 
4.11 


9  3 

C.  13 
211. 
c  .  ^.0 
0.232 
0.634 
6.60 
7.11 
2.11 


11.= 

5.-: 

0.  1-2 

112. 

5  .55 
C32- 
0.775 

7  .62 
'  8.54 

2  .  1c 


8.2 
3  2 

G .  12' 

81  . 

G.  1C 

J  .  442 

i.752 

7  .87 

S  .  38 

1  .97 


SALEM. 
LAT7  = 
YRS  = 
T?5  = 


OREGON 
44.55   LCN3  =  122.01 

20.   ELZV.=   135. 

2G. 16   TPS=  10C .33 

TMAX  7  .  1 

TWIN  -O. i 

CVT  0.26 

RAD  8S. 

P5MX  S.25 

PW/D  0.411 

PW/W  0.791 

MEAN  9.65 

SDEV  10.57 

SKEW  1.S5 

SUMMIT.  OREGON 
42.37   L0NG  =  123.22 

16.   ELEV.  =  •.  -333  . 

30.48   TP5  =  .27.00 

TMAX  5  .  3 

TMIN  -1.1 

CVT  O . 20 

RAD  115. 

P5MX  5 . 59 

PW/D  0.372 

PW/W  0-774 

MEAN  3.9i 

SDEV  12.70 

SKEW  2 . 40 


10.2 

1  .  7 

0.22 

135  . 

5.10 

0.341 

0.723 

7.37 

9.65 

2.55 


12.3   16.8 

3.1    4.7 

0.  14   0.  13 

237.   406. 

S  .  S  G   4.32 

0.233  0 . 204 

O . 750  0.533 

5 . 50   4.32 

7.37   5.03 

2.37   2.53 


5.8 

-O.S 
0.21 
215. 


8.- 
-O.- 
0.  1i 
236 
3.55  21.5 
5.212  0.31 
5.539  0.71 
7 .37   5.3 
6.6 
1  .5 


9 

0  0 
2  O 


iC.92 
3.  10 


12.4 

1  .2 

0.  15 

432. 
5.08 
.230 
.604 
4. S3 
5.  10 
3  .07 


20.  9 

7  .  1 

0.13 

517. 

9.55 

0.215 

0.611 

4  ~2 

5.  OS 

2.71 


16.6 

3.9 

O.  12 

7.11 
0.  179 
0  .  602 
5.59 
8.64 
4.39 


24.  S 

9.7 
0.  '  1 

s::.. 

3.23 

0.151 
0 .  553 

4  .32 

5  .  53 
2.  16 


13.9 

6.8 

0.  12 

652. 

43.51 

0.  126 

0.-75 

4.32 

5.  OS 

2.94 


28.4 
11.2 

0.03 

675. 

5  .59 

0.045 

0.404 

2.05 

4.  03 
2.71 


24.7 
10.0 
O.  10 
63S. 

4  .83 
0.044 
0.212 

3.55 

5  .  59 
3.77 


10. S 
0.  14 
553  . 
5  .34 
C.083 
0.  494 
3.30 
4  .  57 
3.07 


25.0 

10.  2 

0.  15 

605 

15.75 

0.C53 

0.426 

5.03 

5.84 

1  .71 


24  .7 

9.  1 
0..1C 

397. 
5.10 
).  143 
;.507 
5.33 
7.37 
2.52 


21  .5 

9.4 

0.  13 

447. 

10.92 

0.  101 

0.  435 

5.84 

7.52 

2.51 


13  .  ■ 

6.S 

0.  13 

235. 

3.35 

0.2  33 

0  .  H59 

7.37 

S  .  54 

2.57 


14.9 
5.4 

0.  16 

279. 

7  .52 
O.  174 
0.632 

8.  13 
10.  16 

2.  03 


11.6 

3  . 2 

C.  1" 

144  . 

0.329 

0.775 

8  .  13 

9.  14 

2.22 


8.4 

1  .S 
0.21 

149  . 

7.11 
O.  275 
0.713 
10.  16 
15.2- 

3.31 


S  .3 

1  .  7 

0.  14 

30. 

5 .  35 

0.427 

0.775 

3.  14 

10.  16 

2.05 


5.7 

-0.5 

O.  17 

93. 

6.60 

0 .  265 

0-745 

10.4  1 

13.97 
3.  10 


£?V 


HURON.  SOUTH  DAKOTA 
LATT=   44.23   l_ONG=   93. 
YR5=   18.   ELEV  =  12:-'.2. 
TP5=  '  62.99   TP6=  106.53 
TMAX 
TM I N 
CVT 
RAD 
P5MX 
PW/D 
PW/W 
MEAN 
SDEV 
SKEW 


12 


-4.0 

-15.6 

0.95 

173. 

1  .52 

0.171 

C.  333 

1  .52 

2  29 
5.78 


-2.0 
-14.1 

0.67 

257. 

4  .32 
0.  157 
0  .  44  5 

3.30 

5  .  3-i 

4.69 


6.2 
-5.5 
0.45 
290. 
4.57 


15.3 

C.7 

0.20 

472. 

13.46 

0.  189  0.252 

0.379  0.457 

3.30   5 . 08 

5.33  7.87 

2.34  3.28 


6.3 

O.  15 

522. 

12.  19 

0.262 

0.4S5 

6.60 

9.91 

2.54 


27.2 
13.0 
C.  12 
575. 

1  1  .94 

0.  324 

8.54 

12.72 

4.63 


C.  '0 


1  c 


30.6 

14  .5 

0.  13 

521  . 

16.51 

0.254 

0  .  3  S  0 

6.  10 


2.4=  -;.s: 


25.  1 
9.  1 

o.  u 

425. 

15.25 

0.  175 

0 .  35S 

5  34 

7.11 

1  .79 


17  .3 
2.  1 

0.  19 

305. 
16.51 
0.  1  14 
0  .433 

6  .  60 
10.41 

3.70 


6.6 

-6.  1 
0.25 
134. 
5.  53 
0.  134 
O  .  352 
3  .05 
5.33 
3.21 


-1  .0 

-12.8 

0.65 

148. 

1  .02 

0.  153 

0.331 

2.54 

3  .  S  1 

3  .02 


?APID  CITY.  SOUTH  DAKOTA 

LATT=   34.03   LONG^    3.05 

YRS=   15.   ELEV.=   165. 

TP5=   53.34   TP6  =   20. 17 

TMAX  0.6  2.0  5.8 

TMIN  -12.7  -11.0  -6.6 

CVT  0.54  0.5  1  0.42 

RAO  1S3.  277.  400. 

P5MX  1 .27  1 .27  3.3  1 

PW/D  0. 156  0.200  0.222 

PW/W  0.270  0.503  0.444 

MEAN  1.52  2.29  2.79 

SDEV  1.78  2.79  4.32 

SKEW  2.39  3.56  4.34 


13.7 

0.2 

0.  22 

482  . 

6.35 

0.233 

0.518 

5.03 

7.11 

3.03 


19  .2 

5.9 

0.  16 

522. 

8.89 

0.305 

0.519 

5.84 

9  .  14 

3.79 


4L-    .    £ 

10  9 

53=. 

22  .  53 

C  .  3  1  7 

0.557 

6.35 

9  31 

2  .79 


20  •  2" 

0  22; 

0 .  33- 

6  .  '■  C 
S  .  1- 
2  .  5- 


29.  2 

14  .0 

0.1s 

54  1  . 

25.  16 

C  .  203 

0.333 

4.33 

5.59 

1  .76 


8.2 
0.  14 
425  . 
6.  10 
0.  157 
0.3G2 
4.57 
7.37 
4.31 


16. G 

2.4 

0.  19 

315. 

20.32 

0.  103 

0.330 

4.05 

5.53 

2.  S3 


8.2 

0.34 
204. 
1  .  73 
0.  15~ 
0.  332 
2.03 
3.0= 
2.93 


2.9 
-S.9 
O.-- 
153. 
1  .52 
0 .  153 
0.411 
1  .73 
1  .78 


< 


0 


r^ 


APPENDIX    I 


W      S7A  . 


ST. 

VARIAEL': 

J 

F 

M 

A 

M 

o 

\J 

A 

S 

0 

N 

D 

-•■*•     SALT  LAKE  CI7 

V,  UTA,-; 

LATT  = 

1  «-*   -7  — 

LONG"  1 1 

1  .37 

YR3  = 

29  .   E 

LEV.=  4220 

TP5  = 

2  1  .  5S 

TP5=   57. 

15 

TMAX 

-*   "9 

5.S 

11.1 

17  .  1 

22  .7 

2=  .  v* 

22  5 

32  .  1 

25.3 

!5  .2 

10.  ' 

4  .  5 

TWIN 

-6  .3 

-4  .3 

-1  .0 

2.0 

7  .  1 

"1.0 

*  5  . 0 

15.1 

O   jj 

4.G 

-  i   2 

-5  .  1 

CVT 

C.  39 

0.33 

C  20 

0.  15 

0.  1  1 

0  .  02 

3.27 

0.12 

0.09 

0 .  12 

0  .  2c 

0.  35 

RAD 

163. 

255  . 

354. 

473. 

570. 

52  '  . 

G20  . 

5  b  1  . 

445. 

3  1  3  . 

204  . 

1  4-13  . 

P5MX 

4.32 

3.31 

5.52 

6.  GO 

4.33 

4  .  32 

7  .  c  7 

12.19 

15.73 

6.  10 

3.51 

1  79 

PW/D 

0.  226 

0.2C3 

0.236 

0 .  232 

0.  165 

C.  139 

0  .  1  04 

0.  123 

0.111 

0.  105 

0.  17.; 

0.230 

PW/W 

0  .  ■*  ?  3 

0.237 

0.463 

C.525 

0.457 

0  .  500 

C  .  2  1  5 

O.  373 

0.325 

0.451 

0.434 

0.497 

MEAN 

3  .  5C 

3.81 

4  .05 

5  .  52 

4  .  57 

-  .  57 

4.32 

4  .  32 

3.S1 

4  .83 

2.5< 

SDEV 

4  .32 

4  .  57 

4.57 

6.86 

5.32 

5.84 

E  .33 

7.11 

5  .  55 

5.54 

5  .  32 

4  .57 

SKEW 

2.32 

2.  13 

1  .75 

2.22 

2.23 

4.  .  w  ^ 

4.C- 

:  .35 

5  .05 

2.20 

1  .8? 

2.31 

MILFOR 

D.  UTAH 

LATT  = 

33  .  26 

LONG  =  11, 

3.01 

YRS  = 

9.   ELEV.=  5023 

TP5  = 

2G.  16 

TP6  =   50.80 

TMAX 

2.2 

6.0 

11.9 

17.6 

23.2 

28.8 

32.5 

31.9 

^  7  1 

19.6 

11.7 

4.8 

TMIN 

-11.4 

-7.3 

-3.9 

-0.  1 

4  .3 

3.7 

13.  1 

12.2 

G.2 

0.4 

-5.S 

-3.3 

CVT 

0.54 

0.44 

0.24 

0.  16 

0.  1  1 

0.  10 

0.05 

0.  15 

0.  10 

0.  14 

0.23 

0.2S 

RAD 

236. 

32  J. 

468  . 

563. 

625. 

712. 

647. 

618. 

518. 

394. 

269. 

213. 

P5MX 

3.30 

3.55 

3  .  55 

4.03 

7.37 

4  .57 

9.65 

10.67 

5.59 

5.03 

4  .32 

2.29   / 

PW/D 

0.  151 

0.200 

0.  155 

0.  153 

0.  099 

0.079 

0.  1  19 

0.  147 

0.  100 

0.078 

0.111 

0.131   V^ 

PW/W 

0.  354 

0.400 

0.437 

0.442 

0.412 

0.403 

0.344 

0.392 

0.313 

0.403 

0 .  354 

0.441 

MEAN 

2.79 

2.54 

3.30 

3.81 

3.30 

3  .  55 

3  .05 

2.54 

4.83 

3.31 

3.81 

2.73 

SDEV 

3.56 

3.05 

4  .05 

4.32 

3.56 

4  .57 

4.32 

3.56 
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FOREWORD 

This  Technical  Note  provides  guidance  to  the  hydrologist  (and  other 
specialists  involved  with  water  projects)  who  is  or  may  be  faced  with 
the  task  of  determining  a  design  hydrologic  event  for  a  project  that 
involves  a  hydrologic  risk,  such  as  bridges,  culverts,  land  treatments, 
fish  habitat  improvements,  watershed  management  projects,  etc.   Included 
is  a  discussion  of  hydrologic  risk  that  defines  both  the  manager's  and 
hydrologist ' s  roles  in  determining  risk  levels  for  BLM-funded  projects. 
An  extensive  section  on  frequency  of  hydrologic  events  is  included  for 
the  hydrologist,  followed  by  a  section  on  guidelines  and  graphical  aids 
for  determining  return  periods.   The  latter  section  includes  problem-oriented 
examples  of  return  period  selection. 

Flood  frequency  analysis  is  only  briefly  discussed.   This  subject 
will  be  covered  in  detail  in  a  forthcoming  BLM  Technical  Note. 
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INTRODUCTION 

Hydrologists  are  frequently  asked  to  provide  design  flows  or 
stages  for  spillways,  bridge  openings,  culverts,  diversion  dams, 
waterways,  fish  improvement  structures,  watershed  improvement  projects, 
and  land  treatment  measures.  Too  often  a  return  period  or  recurrence 
interval  is  arbitrarily  chosen  or  a  standard  return  period  is  used  by 
the  hydrologist. 

The  design  event  chosen  by  the  hydrologist  should  be  based  on  the 
risk  of  failure  rather  than  on  an  arbitrary  or  predetermined  return 
period,  incorporating  the  fact  that  risk  increases  with  increasing 
project  life. 

Since  failure  of  a  structure  exposes  the  Federal  government  to 
potential  liability  claims,  the  acceptance  of  a  certain  level  of  risk  of 
failure  represents  an  important  management  decision. 

The  purpose  of  this  Technical  Note  is  to  assist  the  hydrologist  in 
understanding  hydrologic  risk  and  in  communicating  this  understanding  to 
the  land  manager.   Secondly,  with  the  statistical  relationships  and 
tables  and  graphs  included  in  it,  this  Technical  Note  should  serve  as  a 
reference  for  the  hydrologist  and  other  specialists  involved  with 
water-related  projects  where  the  frequency  of  hydrologic  events  is  a  concern, 
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ACCEPTANCE  OF  HYDROLOGIC  RISK  AS  A  MANAGEMENT  RESPONSIBILITY 

In  water-related  projects  or  structures,  risk  is  equivalent  to  the 
probability  of  failure  of  the  structure.   The  total  risk  of  failure  is 
made  up  of  both  hydrologic  risk  and  structural  risk.   Structural  risk 
refers  to  the  probability  that  a  structure  will  fail  during  an  event  of 
lower  magnitude  than  the  design  event.    Hydrologic  risk  is  composed  of 
the  true  or  basic  risk,  which  is  due  to  the  vagaries  of  nature,  and 
uncertainty,  which  is  a  function  of  measurement  inconsistencies,  loss  of 
information  during  analysis,  or  non-homogeneity  of  the  data  in  time. 

If  we  assume  that  structural  risk  is  zero  or  near  zero  for  hydro- 
logic  events  not  exceeding  the  design  event,  and  that  hydrologic  un- 
certainty can  be  handled  with  confidence  limits  in  the  frequency  analy- 
sis, then  the  remaining  unknown  variable  is  basic  hydrologic  risk.   For 
large  projects,  the  manager  may  want  to  conduct  an  elaborate  study  of 
the  economically  and  politically  optimum  design  for  the  project.   This 
can  be  done  as  shown  in  Figure  1.   The  construction  costs  include  the 
total  cost  of  building  the  structure  averaged  over  the  expected  project 
life  plus  annual  maintenance  costs.   The  risk  costs  include  all  those 
costs  that  would  be  incurred  should  the  project  or  structure  fail.   For 
projects  that  impound  water,  these  costs  should  include  project 
replacement  costs,  downstream  damage  costs,  liabilities  from  deaths  and 
injuries,  environmental  damages,  and  the  associated  inconveniences  and 
political  consequences  of  project  failure.   The  optimum  design,  from 
Figure  1,  is  where  the  construction  cost  balances  the  risk  cost. 

For  small  projects,  the  manager  must  still  weigh  the  cost  of  constructing 
the  project  against  the  risk  cost  and  attempt  to  minimize  both.   For 
example,  constructing  a  stream  stabilization  structure  to  withstand  a 
50-year  flood  event  is  more  expensive  than  designing  it  for  a  10-year 
flood  event.   However,  the  environmental  consequences  of  the  structure 
failing  at  the  10-year  design  level  (approximately  five  times  more 
frequently)  may  dictate  designing  for  the  50-year  flood.   On  the  other 
hand,  where  the  costs  of  failure  are  negligible,  as  in  a  secondary  road 
culvert,  the  manager  can  easily  accept  a  much  higher  risk,  on  the  order 
of  10  to  20%.  Acceptance  of  a  given  hydrologic  risk,  say  5%,  means  the 
manager  is  95%  confident  that  the  associated  hydrologic  event  will  not 
be  equalled  or  exceeded  in  the  stated  time  period,  and  that  the  structure 
or  project  will  not  fail  for  hydrologic  reasons. 
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FIGURE  1 

AVERAGE  ANNUAL  COSTS  FOR  DIFFERENT  PROJECT  DESIGNS 

(Example  only) 
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PERCENT  PROBABILITY  OR  RISK  OF  FAILURE 


Many  laymen  and  occasionally  some  hydrologists  become  confused 
about  the  real  meaning  of  storm  or  flood  return  periods.   For  example, 
the  commonly  referred  to  50-year  storm  does  not  mean  that  there  will  be 
one  and  only  one  such  storm  every  50  years.   In  fact,  there  is  only  a 
37%  chance  that  the  50-year  storm  will  be  equalled  or  exceeded  only  once 
in  any  50-year  period.  There  is  a  nearly  equal  (36%)  chance  of  experiencing 
no  such  storms  in  the  same  period.   Furthermore,  there  is  a  19%  chance 
of  experiencing  exactly  two  such  events  in  fifty  years.   Another  way  of 
interpreting  the  meaning  of  a  50-year  event  is  to  say  that  there  is  a 
1/50  or  2%  chance  of  equaling  or  exceeding  the  50-year  event  in  any  one 
year  and,  conversely,  a  98%  chance  of  non-occurrence  in  any  one  year. 

It  must  be  reiterated  that  the  probability  of  event  occurrence 
increases  with  increasing  project  life.   The  decision  on  the  physical 
life  of  a  project  is  an  important  one  and  must  be  taken  into  account  in 
selecting  a  design  event.   For  example,  contour  trenches  that  have  been 
designed  to  handle  the  75-year  storm  have  only  a  6%  chance  of  experiencing 
one  or  more  equal  or  larger  storms  in  the  first  five  years  of  their 
life,  but  by  the  twentieth  year  this  risk  has  increased  to  24%.   Selecting 
a  project  life,  as  in  determining  acceptable  hydrologic  risk,  is  a 
management  decision  which  relies  heavily  on  specialist  recommendations. 
In  selecting  the  effective  life  of  a  project  or  structure,  the  manager 
must  take  into  account  the  fact  that  risk  increases  with  project  duration. 
What  are  the  objectives  of  the  project?   Do  project  benefits  decrease 
over  time  or  are  they  constant  or  cumulative  with  time?   Can  the  project 
be  discontinued  (structure  taken  out)  when  project  objectives  are  met? 
All  the  above  factors  should  be  evaluated  and  considered  in  the  decision. 

The  respective  roles  of  the  specialist  and  the  land  manager  in 
determining  the  acceptable  hydrologic  risk  have  been  discussed  briefly. 
To  summarize,  the  land  manager  must  ultimately  decide  on  the  level  of 
risk  that  the  BLM  will  accept  for  any  project.   The  specialist  is 
responsible  for  ensuring  that  the  manager  understands  the  statistical 
relationships  involved  and  the  factors  that  determine  both  the  risk  and 
project  life  decisions.   These  decisions  along  with  the  specialist's 
recommendations  should  be  well-documented  in  the  official  files. 

FREQUENCY  OF  HYDROLOGIC  EVENTS  IN  NATURE 

Several  questions  are  often  asked  about  the  probability  of  occurrence 
of  events  in  nature.   Most  common  are  the  following:   (1)  What  is  the 
probability  of  encountering  such  an  event  in  a  single  year?  (2)  What  is 
the  probability  of  encountering  the  event  in  a  period  of  years?  and  (3) 
What  is  the  probability  of  encountering  more  than  one  such  event  in  a 
period  of  years?   All  these  questions  can  be  answered  with  the  help  of 
the  binomial  distribution, 


+ 


c/  v         N! x.    .N-x 

f(x)  =    x!  (N-x)!     P  (1"P) 


(1) 


which  is  found  in  any  standard  statistical  or  mathematical  probability 
text.  The  binomial  distribution  has  tremendous  value  in  hydrologic 
studies. 

As  used  in  hydrology,  the  terms  return  period  and  recurrence 
interval  are  synonymous.   They  are  defined  as  the  average  time  interval 
between  actual  occurrences  of  a  hydrologic  event  of  a  given  or  greater 
magnitude.   The  reciprocal  of  the  return  period  or  recurrence  interval 
is  the  probability  of  exceedance,  expressed  mathematically  as 


F  "        T  (2) 

where  T,  the  return  period,  is  most  often  expressed  in  years  and  p,  the 
probability,  is  dimensionless.   The  probability  of  non-occurrence  (q)  is 
further  defined  as 

q-1-p-l-l/T  (3) 

If  T  is  in  years  then  p  represents  the  probability  of  the  T-year 
event  (or  a  greater  event)  occurring  in  any  one  year. 

Example:   The  100-year  flood  has  a  probability  of  .01  or  1%  of  occurring 
and  a  probability  of  .99  or  99%  of  not  occurring  in  any  one 
year. 

Now  we  can  use  the  binomial  distribution  to  give  us  some  valuable 
probability  information  about  the  frequency  of  hydrologic  events.  The 
binomial  distribution  is  rewritten  as: 


P  =  p1(l-p) 


N-i      N! 


i(N-i)!  (4) 


where  P  is  the  probability  of  obtaining  exactly  i  events  in  N  years, 
with  i  having  a  probability  of  p  of  occurring  in  any  single  year. 
Remember  that  an  event  is  one  that  either  equals  or  exceeds  the  given 
event.   We  can  use  equation  4  to  give  some  interesting  probability 
information  about  the  100-year  flood: 

Example  1:     What  is  the  probability  of  experiencing  only  one  flood 
in  100  years  that  equals  or  exceeds  the  100-year  flood? 

Answer:        The  probability  of  one  and  only  one  event  equal  to  the 
100-year  flood  occurring  in  100  years  is  37%  or  37 
chances  out  of  a  100. 


Example  2 : 


Answer : 


What  is  the  probability  of  experiencing  no  floods  equal 

to  or  greater  than  the  100-year  flood  in  a  100-year 

period? 

Equation  4  reduces  to 


(l-p)N  or  q 


N 


(5) 


The  probability  of  no  100-year  events  occurring  in  100 
years  is  37%. 

We  can  use  the  complement  of  equation  5  to  find  out  the  probability 
of  experiencing  one  or  more  events  equal  to  or  greater  than  the  100-year 
event  in  a  100-year  period,  or 


N 


(6) 


P  =  1  -  q 

From  Example  2,  P  =  1  -  .37  or  p  =  63% 

Equation  6  was  used  to  construct  the  following  table  of  probabilities 


Table  1.  Percent  Probability  of  Occurrence  of  One  or  More 
Events  Equal  to  or  greater  than  the  T-year  event 
in  N  years. 
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Occasionally  the  hydrologist  may  want  to  know  the  probability  of 
experiencing  multiple  numbers  of  events  equal  to  or  greater  than  the 
return  period  event. 

Equation  4  was  used  to  construct  the  following  table  of  proba- 
bilities related  to  the  100-year  flood: 

Table  2:   Percent  Probability  of  Occurrence  of  the  100-year  flood. 
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*  less  than  1% 

Tables  1  and  2  can  be  used  for  any  set  of  hydrologic  data  developed  from 
discrete  hydrologic  variables,  such  as  streamflow  stage  or  discharge, 
lake  levels,  groundwater  levels,  precipitation,  evaporation,  etc. 

SELECTING  THE  RETURN  PERIOD  OF  A  HYDROLOGIC  EVENT 


Given  the  risk  level  and  the  project  life,  the  hydrologist  can 
compute  the  return  period  from  Equation  4  by  solving  for  P.   Since  this 
is  an  unwieldly  computation,  three  graphs  have  been  prepared  to  make 
this  determination  simple.   Figure  2  is  used  to  determine  the  return  period 
corresponding  to  the  risk  of  experiencing  at  least  one  event  equal  to  or 
greater  than  the  return  period  event  in  N  years.   Figure  3  should  be  used 
where  the  interest  is  in  two  or  more  events  equal  to  or  greater  than  the 
return  period  event.   Figure  4  is  used  where  the  interest  is  in  three 
or  more  events  equal  to  or  greater  than  the  return  period  event.   Examples 
of  the  use  of  these  graphs  are  shown  below: 
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Figure  2.   Return  periods  corresponding  to  the  probability 
of  experiencing  one  or  more  events  equal  to  or 
greater  than  the  T-year  event  in  N  years. 
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Figure  3.   Return  periods  corresponding  to  the  probability 
of  experiencing  two  or  more  events  equal  to  or 
greater  than  the  T-year  event  in  N  years. 
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Figure  4.   Return  periods  corresponding  to  the  probability 
of  experiencing  three  or  more  events  equal  to  or 
greater  than  the  T-year  event  in  N  years. 
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Problem  1:   A  BLM  district  engineer  has  been  asked  to  design  and  build 
a  bridge  suitable  for  use  by  logging  trucks.   The  bridge  will  be 
designed  to  have  a  physical  and  economic  life  of  five  years,  which  is 
the  duration  of  the  associated  timber  sale  contract.   Failure  of  the 
bridge  would  not  mean  a  great  economic  loss,  but  the  associated 
channel  damage  and  sediment  problems  created  by  a  bridge  failure  would 
impact  a  critical  downstream  trout  habitat.   Because  of  the  environmental 
hazards,  the  District  Manager  has  decided  on  a  risk  level  of  5%. 

The  hydrologist  has  been  asked  to  provide  a  design  Q  for  the  project. 
Using  Figure  2,  he  determines  that  the  return  period  of  the  design  event 
should  be  100  years  (p  =  .01). 

The  probability  relationships  given  in  this  Technical  Note  are  not 
restricted  to  flood  frequency  analyses.   The  following  example  relates 
to  a  low-flow  problem  incurred  in  a  fish  habitat  improvement  project. 

Problem  2:   A  BLM  hydrologist  has  been  asked  by  his  boss  to  assist  in 
the  hydrologic  design  of  a  fishery  habitat  improvement  project. 
Specifically,  he  must  design  a  spawning  channel  that  will  allow  the 
spawners  to  easily  migrate  upstream,  even  in  low  flows.   The  project 
life  has  been  set  at  25  years.   The  fishery  biologist  feels  that  a  risk 
level  of  10%  is  reasonable  for  the  project.   Furthermore,  he  does  not 
feel  that  the  population  would  be  damaged  irretrievably  if  the  channel 
failed  to  do  its  job  twice  within  the  25-year  period.   By  referring  to 
Figure  4  the  hydrologist  can  read  directly  the  probability  of  experiencing 
three  or  more  events  equal  to  or  greater  than  the  T-year  event.   From 
Figure  4,  the  return  period  is  22.2  years  or  a  probability  of  .045. 

Once  the  return  period  is  determined,  the  hydrologist  must  then 
calculate  the  event  magnitude  corresponding  to  that  return  period. 

This  event  magnitude  is  taken  from  a  frequency  curve  such  as  is 
determined  through  a  log-Pearson  Type  III  analysis.   The  Water  Resources 
Council  has  published  a  set  of  guidelines  for  Federal  agencies  for 
determining  flood  flow  frequencies  at  gaging  stations  (U.S.  Water 
Resources  Council,  1977).   A  good  reference  for  general  hydrologic 
frequency  analysis  is  Kite  (1976) . 

To  account  for  the  uncertainty  element  of  hydrologic  risk,  the  data 
set  should  first  be  checked  and  adjusted  for  non-homogeneity  or 
inconsistencies.  All  events  used  in  the  frequency  analysis  should  be 
random  and  independent.   If  the  record  is  made  up  of  mixed  populations, 
e.g.,  flood  peaks  created  by  different  types  of  hydrologic  events 
(snowmelt,  rainstorms,  rain-on-snow) ,  special  treatment  of  the  data  is 
indicated.   Once  a  frequency  distribution  has  been  chosen  and  the  data 
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fitted  to  this  distribution,  confidence  limits  should  be  computed  for 

the  frequency  curve,  as  explained  in  U.S.  Water  Resources  Council 

(1977).   The  confidence  level  should  be  set  by  the  hydrologist  in 

accordance  with  the  way  he  or  she  feels  about  the  original  data  set.   A 

confidence  level  of  95%  is  commonly  used  for  most  applications  but  is 

not  a  hard-and-fast  rule.   The  upper  confidence  limit  value  then  becomes  the 

recommended  design  event  for  the  project. 
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FOREWORD 


This  volume  provides  user  guidance  in  the  operation  of  seven 
hydrologic  design  and  analysis  computer  programs  which  have  been 
written  for  the  Bureau  of  Land  Management's  (BLM)  Honeywell 
Series  60  (Level  66)/6000  computer.   Program  background  and 
computational  procedures  are  described,  including  program  uses 
and  limitations.   A  worked  example  problem  in  the  form  of  a 
sample  run  is  provided.   The  programs  are  written  in  BASIC.   They 
are  designed  to  be  completely  interactive  and  easy  to  use. 

The  objective  in  having  these  programs  written  is  to  make  common- 
ly used  but  computationally  cumbersome  analytical  procedures 
readily  available  to  field  office  specialists  working  on  problems 
of  hydrologic  design  and  analysis.   The  computational  procedures 
were  originally  developed  for  handheld  programmable  calculators. 
Programs  1-4  were  derived  in  part  from  calculator  programs  pre- 
pared for  the  USDI  Office  of  Surface  Mining,   Region  V 
(Report  H-D3004/030-81-1029F).   "Small  Calculator  Programs  for 
Analysis  of  Waterbeds  and  River  Systems",  by  the  Colorado  State 
University  Research  Institute,  served  as  a  reference  for  Programs 
5  and  6.   Program  7  was  derived  in  part  from  a  program  developed 
for  Hewlett-Packard  67  calculator  by  L.  Busack,  Monaco,  PA. 

This  user  guide  is  prepared  in  loose-leaf  format  to  provide  the 
user  maximum  flexibility  in  maintaining  and  expanding  a  useful 
library  of  hydrology  programs. 

Any  questions  should  be  directed  to  the  Division  of  Resource 
Systems,  D-471,  (303)  236-0170,  FTS  776-0170. 


Denver  Service  Center 
September  1984 
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PROGRAM  SUMMARIES 


PROGRAM: 

ACCESS: 

DESCRIPTION: 


FLOOD   (Flood  Routing,  Dam  Breach  Analysis) 
*BRN  A403/ FLOOD,  R 

This  program  routes  a  set  of  inflow  hydrographs 
through  a  multiple  channel  and/or  reservoir  system 
using  the  Muskingam  and  Puis  methods.  The  program 
also  provides  the  option  of  analyzing  expected  flows 
due  to  a  dam  breach  by  either  overtopping  or  piping. 
Op  to  lOO  channel  and /or  reservoir  segments  can  be 
routed,  up  to  10  of  which  can  be  reservoirs.  Each 
reservoir  can  have  up  to  10  arbitrary  increasing 
stage/discharge/storage  values.  Up  to  five  segments 
can  be  confluent  into  a  single  segment.  Inflow 
hydrographs  to  headwater  segments  can  be  input  from 
the  keyboard  or  from  a  previously  saved  data  file. 
Inflow  hydrographs  must  define  flows  for  each  time 
step. 


♦ 


The  dam  breach  analysis  requires  that  water  levels 
and  dimensions  of  the  breach  be  specified  as  per  a 
diagram  which  appears  on  the  screen.  The  dam  breach 
option  can  also  be  used  to  generate 
stage/discharge/storage  values  for  input  to  the 
routing  routine. 

PROGRAM:  BACKH20  (Backwater  Curve) 
ACCESS:  *BRN  A403/BACKH20,  R 
DESCRIPTION:  This  program  uses  the  direct  step  method  to 
determine  a  water  surface  profile  and  flow 
velocities  under  gradually  varied  flow  conditions 
for  a  fixed  rate  of  flow  in  a  trapezoidal, 
rectangular,  or  triangular  channel  by  the  standard 
step  method. 


The  program  also  provides  the  capability  to 
determine  normal  flow  depth  or  critical  flow  depth 
for  a  given  channel  cross  section,  Manning's  n,  and 
flowrate.  These  depths  can  then  be  used  as  starting 
or  ending  points  for  determining  downstream  or 
upstream  water  surface  profiles  and  flow  velocities. 
This  program  will  also  generate  a  water  surface 
profile  plot  when  requested  by  the  user. 


PROGRAM: 

ACCESS: 

DESCRIPTION: 
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PEARSON  (Log  Pearson  Type  III  Flood  Analysis) 

*BRN  A403/ PEARSON,  R 

This   program  fits  a  series  of  flow  events  such    as 

peak    annual   flows   to   a   Log   Pearson   Type   III 

distribution.    This   distribution   is  commonly  used 

to  predict  flood  recurrence  intervals.   Initial  data 

input   for  a  given  gaging  station  is  the  number    of 
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measured  peak  flows  and  the  amount  of  each  flow  in 
cubic  feet  per  second  (CFS) .  If  flow  data  for  a 
particular  gaging  station  has  been  previously 
analyzed,  and  the  resulting  output  saved  to  a  disk 
file,  the  disk  file  may  be  called  up  at  the  user's 
request  in  order  to  avoid  re— inputting  all  of  the 
flow  amounts.  Previously  entered  flows  may  also  be 
edited  and  added  to  during  later  program  runs.  The 
program  is  limited  to  200  flows  per  gaging  station. 
The  program  begins  by  asking  for  the  name  of  the 
file  the  output  is  to  be  written  to.  If  an  output 
file  has  been  previously  generated,  the  same  file 
name  may  be  used,  or  a  different  file  name  may  be 
used  to  separate  the  results. 


PROGRAM: 

ACCESS: 

DESCRIPTION: 


Equation 

acreage 

developed 

1 oss    on 


USLE  (Universal  Soil  Loss  Equation) 
*BRN  A4G3/USLE,  R 

The  program  uses  the  Universal  Soil  Loss 
(USLE)  to  estimate  soil  loss  from  a  given 
of  land.  The  USLE  is  an  empirically 
formula  intended  to  estimate  soil 
agricultural  lands.  The  USLE  only  accounts  for 
sheet  and  rill  erosion.  No  erosion  from  gullying 
is  considered.  In  the  western  U.S.,  gully  erosion  is 
often  the  principal  source  of  sediment.  Thus,  the 
USLE  may  not  represent  a  comprehensive  total  of 
erosion  from  an  areai  in  the  western  U.S.  The  USLE 
only  considers  average  erosion,  not  the  sediment 
delivery  ratio  to  a  stream  channel.  When  applying 
the  USLE  to  estimate  sediment  impacts  on  surface 
water  quality,  the  total  erosion  computed  by  the 
USLE  must  be  adjusted  with  the  appropriate  sediment 
delivery  ratio.  This  program  allows  the  option  of  a 
sediment  delivery  ratio  to  be  input  after  the 
amount  of  average  soil  erosion  has  been 
calculated. 


PROGRAM: 

ACCESS: 

DESCRIPTION: 


GREEN  (Green  and  Ampt  Infiltration  Analysis) 
*BRN  A403/ GREEN,  R 

This  program  uses  the  Green  -  Ampt  infiltration 
equation  to  compute  incremental  and  cumulative 
excess  rainfall  and  infiltration  volume.  The 
program  implements  the  homogeneous  soil  version 
for  time  varying  rainfall  as  represented  by  a 
hyetograph.  Required  input  includes  the  average 
suction  head  and  the  conductivity  in  the  wetted 
zone.  The  rainfall  intensity  hyetograph  may  be 
input  from  the  keyboard  or  from  a  previously 
generated  data  file. 


1 1 


User  Reference  Guide; 


HYDROLOGIC  DESIGN  &  ANALYSIS  PROGRAMS 


> 


PROGRAM: 

ACCESS: 

DESCRIPTION: 


MPM  (Meyer— Peter ,  Muller  Bed load  Transport  Equation) 
*BRN  A403/MPM,  R 

This  program  uses  the  Meyer— Peter,  Muller  equation 
to  compute  the  bedload  transport  rate  for  a  given 
sediment  size  range.  The  program  also  computes  the 
suspended  sediment  transport  rate  using  a 
numerical  integration  of  an  approach  developed  by 
Einstein-  Program  output  includes  bedload  and 
suspended  load  for  each  size  range  input  as  well  as 
the  total  transport  rate  for  all  size  ranges  input 
(for  a  given  rate  of  flow).  Required  input 
includes  the  Darcy-Weisbach  friction  factor, 
kinematic  viscosity,  the  flow  velocity,  the  width 
of  flow,  channel  slope,  and  depth  of  flow. 


PROGRAM: 

ACCESS: 

DESCRIPTION: 


* 


POND  (Detention  Pond  Design) 
*BRN  A403/POND,  R 

This  program  calculates  the  pond  volume  required 
to  detain  the  excess  runoff  occur ing  because  of  a 
change  in  basin  runoff  conditions.  Detention  pond 
volume  is  calculated  using  estimated  peak  inflow, 
desired  peak  outflow,  and  the  expected  excess  runoff 
volume.  Excess  runoff  volume  can  either  be  input 
directly  (  pre—  and  post  rainfall  excess  )  or  can  be 
calculated  using  SCS  methods  (  pre-  and  post  Curve 
Numbers  ).  The  program  will  also  calculate 
expected  peak  outflow  from  a  detention  pond  given 
rainfall  excess,  storage  capacity,  and  peak  inflow. 


111 
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FLOOD  ROUTING  AND  DAM  BREACH  ANALYSIS 


1^_  Introduction 

Stream-flow  routing  is  the  technique  used  in  hydrology  to 
compute  the  effect  of  channel  storage  on  the  shape  and  movement 
of  a  flood  wave  (1).  The  same  principles  also  apply  to  computing 
the  effect  of  reservoir  storage  on  the  shape  of  a  flood  wave. 
This  program  routes  a  flow  through  a  series  of  channels  and 
reservoirs  using  the  Muskingum  method  for  the  channel  segments 
and  the  Puis  procedure  for  the  reservoir  segments.  The  progam 
also  provides  a  subroutine  which  uses  standard  weir  and  orifice 
formulas  for  the  analysis  of  expected  flows  due  to  a  dam  breach 
by  either  overtopping  or  piping. 


iXi ECQ9££QL_T_bs*or.Y. 

The  Puis  and  Muskingum  methods  a.re  the  most— employed 
hydrologic  flood  routing  techniques  for  reservoirs  and  channels. 
Both  are  traditionally  solved  in  tabular  form  with  graphical  aids 
and  both  Are  derived  from  conservation  of  flow  over  discrete  time 
steps  (2) .  The  Puis  method  assumes  a  constant  discharge— storage 
relationship  for  the  given  reservoir  being  assessed.  For  a  given 
time  interval,  the  change  in  storage  for  a  reservoir  segment  is 
the  difference  between  inflow  and  outflow: 

I  -  0  =  AS  ,  E1-1D 

or,     if    expressed    in    finite    time    intervals, 

1/2(1!    +    I7.)   At    -    1/2(0,     +    0^>    At    =    S=    -    St     ,  Cl-23 

where  the  subscripts  indicate  the  routing  periods,  and  I,  O,  and 
S  Are  instantaneous  values  of  inflow,  outflow,  and  storage, 
respectively,  at  the  beginning  of  the  routing  periods  indicated 
(1) .  The  equation  can  be  arranged  so  that  all  of  the  known  values 
Are   on  the  left: 

1/2(1  t   +   I-,)  At   +  S,   -   1/2  Ox  At  =  Sr;;  +   1/2  Or;>  At.        Cl-33 

During  routing  the  known  values  are  substituted  into  the 
above  equation  to  obtain  S2  +  1/2  0^  At.  03  can  then  be  obtained 
from  the  relationship  between  0-i>  and  S^  +  1/2  0^  At  using  the 
discharge-storage  curve  (1). 

The  Muskingum  method  was  developed  in  conjunction  with  the 
Muskingam  Conservancy  District  Flood-Control  Project  of  the  U.S. 
Army  Corps  of  Engineers  in  1934-35  (4).  The  method  utilizes  the 
concept  of  wedge  and  prism  storage.  When  steady  flow  exists, 
storage  volume  can  be  related  to  outflow  by  a  simple  linear 
function.  During  the  advance  of  a  flood  wave  steady  flow  does  not 
exist  (i.e.,  inflow  exceeds  outflow)  and  a  wedge  of  storage  is 
produced.   During  the  recession  of  a  flood  wave,   outflow  exceeds 
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inflow  and  a  negative  wedge  storage  results.  In  the  Muskingam 
method,  the  wedge  is  related  to  the  difference  between 
instantaneous  values  of  inflow  and  outflow.  The  method  also 
accounts  for  the  remaining  channel  storage,  termed  prism  storage. 
The  total  storage  then  becomes: 


S  =  KO  +  KX(I 


0). 


Cl-43 


This  is  the  Muskingam  equation  where  prism  storage  is 
represented  by  the  first  expression  (  KO  )  and  wedge  storage  is 
represented  by  the  second  expression  (  KX(I-O)  ).  In  these 
expressions  K  is  a  coefficient  termed  the  storage  time  constant, 
and  X  is  a  weighting  factor  between  0  and  0,5  (  typically  0.2  - 
0.3  )  . 


Using  the  symbols  as  defined  above  for  the  Puis  method,   the 

Muskingam  equation  can  be  written  as: 

S2  -Si  =  KCX(Ii;  -  I,)  +  (1  -  X)  (03  -  Ot)].        C1-5D 

Combining  this  equation  with  Eq.  1—2  and  simplifying, 


03  =  Ci'Isa  +  C^'Ix  +  C3'Oi 


Ll-hl 


where, 


Ci'  = 


At  -  2KX 
2K<1  -  X)  +  At 

At  +  2KX 
2K(1  -  X)  +  At 
2K(1  -  X)  -  At 


and, 


C3'  = 


»K(1 


X)  +  At 


(1) 


Cl-73 


C1-8D 


Cl-93 


K  and  X  are  usually  estimated  through  a  plotting  analysis  of 
known  flood  hydrographs.  Sometimes  K  is  estimated  as  the  travel 
time  through  a  reach.  Discussions  of  how  these  parameters  may  be 
estimated  can  be  found  in  Handbook  of  Applied  Hydrology  (1_) ,  and 
Hydrology  for  Engineers  (3).  The  flood  routing  program  is  based 
in  large  part  on  the  algorithms  supplied  in  Flood  Routing  on  a 
Small  Computer  (2> .  The  form  in  which  the  program  is  written 
requires  a  minimum  amount  of  memory  because  overlaying  techniques 
are  incorporated  to  utilize  the  same  array  variables  repeatedly 
to  store  different  data.  The  limitations  on  the  number  of  time 
steps  and  channel  and  reservoir  segments  which  can  treated  for  a 
single  problem  can  be  increased  by  adjusting  the  (DIM)ension 
statements  for  these  array  variables  in  the  program  source  code 
if  the  user  so  desires.  For  further  information  on  how  the 
Muskingam  and  Puis  methods  are  implemented  in  the  program  the 
user  should  consult  the  above  referenced  article. 
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The  weir  and  orifice  equations  used  for  the  dam  breach 
subroutine  in  the  program  Are    as  follows: 

Rect angular _Weir 

Q  =  3.075  L  D1-*  C 1-103 

IniaQQyl3r_Weir 

0=1.  156  L  D1-33  Cl-113 

Parabol ic_Weir 

Q  =  CO. 809+3. 66 (L/2D)  -1.02 (L/2D) <*+0. 124 (L/2D) 'DD^- *'        1 1-123 

^ictangular_0rif_  ^ce 

Q  =  4.78  H  L  D-s  El-133 

Qic£yi.^c_Qr_ilice 

Q  =  3.754  Lv  D-a>  C 1-143 

where  L,  H,  and  D  are  width,  height,  and  depth  respectively  of 
the  breach.  For  a  discussion  of  how  the  form  and  coefficients  for 
these  equations  were  derived  the  user  should  consult  ft  Quick 
Method    For    Computing    FIoms    From    Z?a»  Breaks     (5). 

IIli_Prggram_OBeratign_/_Li.miLtatiLgns 

The  flood  routing  routine  is  limited  to  50  time  steps  and 
100  segments  (ten  of  which  may  be  reservoir  segments).  For  each 
reservoir,  up  to  ten  increasing  stage— discharge— storage  values 
may  be  entered  using  a  reservoir  rating  curve  supplied  by  the 
user.  The  dam  breach  routine  may  be  utilized  to  derive  the  stage- 
discharge  portion  of  a  reservoir  rating  curve  if  so  desired.  For 
a  given  problem  up  to  a  maximum  of  five  segments  can  be  confluent 
into  a  single  downstream  segment.  All  headwater  segments  must  be 
numbered  consecutively  from  one  and  the  other  segments  must  be 
numbered  such  that  upstream  segments  have  smaller  numbers  than 
any  segments  downstream  from  them.  Reservoir  stages  and  beginning 
flows  in  each  segment  for  a  given  problem  Are  initialized  to 
provide  steady-state  continuity  with  initial  inflows  into  the 
headwater  segments.  The  program  then  works  its  way  downstream 
combining  inflows  at  the  top  of  each  segment  and  routing  flow  to 
the  bottom. 

Initial  input  into  the  flood  routing  routine  consists  of: 

1)  Total  Number  of  Segments, 

2)  Number  of  Headwater  Segments, 

3)  Number  of  Reservoir  Segments, 

4)  Number  of  Time  Periods,  and 

5)  Length  of  the  Time  Steps. 
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For  each  channel  segment,  the  user  is  then  prompted  for  the 
segment  number,  the  Muskingam  weighting  value,  and  the  Muskingam 
storage  time  constant.  The  segment  numbers,  number  of  rating 
curve  points,  and  actual  rating  curve  values  must  then  be  input 
for  each  reservoir  segment.  Inflow  hydrographs  into  each 
headwater  member  can  then  be  entered  from  the  keyboard  or  from  a 
previously  saved  data  file.  Each  segment  is  then  routed 
consecutively  starting  with  segment  number  one  in  order  of 
increasing  segment  number.  After  each  segment  is  routed,  the  user 
is  offered  the  option  of  generating  a  plot  of  the  segment  outflow 
hydrograph. 


For   the  dam  breach  rout 
type  of  breach  to  be  analyzed 
shape.   A   graphic  will  then 
illustrates   the   dimensions 
orifice.   For   the  weir  breac 
required.   For   the  circular 
center  of  the  pipe  and  the  di 
the  rectangular  orifice,  the 
depth   of   flow  at  its  center 
which  can  be  evaluated  for  a 


ine,   the  user  must  first  select  the 

and  then  select  the  weir  or  orifice 

appear  on  the  CRT  or   printer   which 

needed   for  the   selected   weir   or 

hs  the  width  and  depth  of   flow  are 

orifice,   the  depth  of  flow   to   the 

ameter  of  the  pipe  are    required.  For 

height  and  width  of  the  pipe  and  the 

are   required.   The  number  of   flows 

given  run  is  unlimited. 


J.Vi_Exampl_e_Prgblem 


ElQQd  BQyting 


The  following  example  is  taken  from  Flood    Routing    on    a  Small 
Computer     (5)  and  consists  of  the  following  five  segment  network: 

Input  Hydrograph  ->   \  /   <—  Input  Hydrograph 

o  o 

\  / 

Segment  No.  1  — >  \         / 

o       /  <—  Segment  No.  2 
\     / 
Segment  No.  3  — >  \   / 

\/ 
/\ 
/   \  <—  Segment  No.  4 
/     \     (Reservoir) 
/ \ 

Segment  No.  5  — >  ! 

o 


Segments  1  and  2  are  headwater  segments  with  associated 
inflow  hydrographs  to  be  input  by  the  user.  In  this  example  it  is 
desired  that  the  inflow  hydrograph  to  segment  2  be  transferee!  to 
the   reservoir  with  no  attenuation.     In  order  to  achieve   this, 


is   given  a  Muskingam  weighting  factor  of  0.5   and 


segment   ! 

storage  time  constant  of  0.0  (note  that  the  inflow  and  outflow 
hydrographs  computed  for  segment  2  in  the  listing  below  are 
identical).   The   same  procedure  would  be  followed  in  the   simple 
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case  requiring  the  routing  of  a  single  inflow  hydrograph  through 
a  single  reservoir  segment  (i.e.,  this  would  be  a  two  segment 
problem  using  a  single  channel  segment  with  a  weighting  factor  of 
0.5  and  a  storage  time  constant  of  O.O  influent  into  a  single 
reservoir  segment). 

The  reservoir  site  for  this  problem  has  been  surveyed  and  an 
area— el evation  relationship  determined  as  follows: 

Elevation  (ft)  Area  (ft=-> 


% 


O.O  o 

.3  441,000 

.5  435,600 

1.0  435,600 

1.5  435,600 

2.0  435,600 

2.5  435,600 

The  incremental  volume  of  storage  for  each  elevation  increment 
was  calculated  from: 

AV  =  (At  +  Aa)  (za  -z,.)/2 

where  At  and  Aa  are  the  water  surface  areas  at  elevations  Zi  and 
z-a  and  Av  is  the  volume  of  storage  between  elevations  zt  and 
z-^.  As  can  be  inferred  from  the  water  surface  areas,  the 
reservoir  has  virtually  vertical  sides  between  the  elevations  .5 
and   2.5  feet.  The  resulting  stage— storage  values  are    as  follows: 

Stage  (ft)  Storage  (ft3) 


O.O  0 

.3  132,300 

.5  217,800 

1.0  435,600 

1.5  653,400 

2.0  872,100 

2.5  1,089,000 


The  elevations  listed  above  were  then  applied  to  the  known 
geometry  and  elevation  of  the  weir— shaped  outlet  structure  to 
derive  discharges  using  an  appropriate  weir  equation  which  is 
similar  to  that  used  in  the  dam  breach  routines  in  the  flood 
routing  program.  The  resulting  stage— discharge— storage  values  are 
as  follows: 
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Stage  (ft)  Discharge  (cfs)         Storage  (ft3) 


o.o 

O.O 

.3 

l.O 

.5 

21.2 

1.0 

60.0 

1.5 

HO.O 

2.0 

170.0 

2.5 

238.0 

o 

132,300 
217,800 
435, 600 
653 , 400 
872, 100 
1 , 089 , 000 

The   remaining   input  is  self  evident  in  the  example   run   listed 

below. 


*BRN  A403/ FLOOD,  R 

This  program  routes  a  set  of  inflow  hydrographs  through  a  multiple 
channel  and/or  reservoir  system  using  the  Muskingam  and  Puis  methods. 
The  program  also  provides  the  option  of  analyzing  expected  flows  due 
to  a  dam  breach  by  either  overtopping  or  piping.  The  following  inputs 
are  required  for  the  routing  routine: 

*  Input  hydrographs  for  headwater  segments 

*  Muskingam  time  constants  for  channels 

*  Muskingam  weighting  values  for  channels 

*  Stage/discharge/storage  points  for  reservoirs  A 

*  Listing  of  confluent  segments  for  each  segment 

*  Number  of  time  steps 

*  Length  of  each  time  step 

Up  to  100  channel  and/or  reservoir  segments  can  be  routed,  up  to  10  of 
which  can  be  reservoirs.  Each  reservoir  can  have  up  to  10  arbitrary  in- 
creasing stage/discharge/storage  values.  Up  to  five  segments  can  be  con- 
fluent into  a  single  segment.  Inflow  hydrographs  to  headwater  segments 
can  be  input  from  the  keyboard  or  from  a  previously  saved  data  file.  In- 
flow hydrographs  must  define  flows  for  each  time  step. 

The  dam  breach  analysis  requires  that  water  levels  and  dimensions  of  the 
breach  be  specified  as  per  a  diagram  which  appears  on  the  screen.  The 
dam  breach  option  can  also  be  used  to  generate  stage/discharge/storage 
values  for  input  to  the  routing  routine. 

SELECT  THE  PROCEDURE  DESIRED: 

1  -  FLOOD  ROUTING 

2  -  DAM  BREACH  ANALYSIS 

3  -  END  PROGRAM  RUN 

?  1 

TOTAL  NUMBER  OF  SEGMENTS?  5 

NUMBER  OF  HEADWATER  SEGMENTS?  2 
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NUMBER  OF  RESERVOIR  SEGMENTS?  1 

NUMBER  OF  TIME  PERIODS?  15 

LENGTH  OF  TIME  STEP  (HRS)?  -5 

ENTER  SEGMENT  NO.,  WEIGHTING  VALUE,  AND  TIME  CONSTANT  FOR  EACH  CHANNEL: 
(Three  entries  to  a  line,  in  above  order,  separated  by  commas) 

?  1, .21, 1.6 
?  2, .5,0 
?  3, .32,3. 1 
?  5 , . 27 , 1 . 9 

ENTER  SEGMENT  NUMBER  AND  NUMBER  OF  STAGE-DISCHARGE-STORAGE 
RATING  CURVE  POINTS  TO  BE  INPUT  FOR  RESERVOIR  NO.      1  : 
(Two  entries  to  a  line,  in  above  order,  separated  by  commas) 

?  4,7 

ENTER  STAGE (ft),  DISCHARGE (cfs) ,  AND  STORAGE (cubic  ft)  FOR 
EACH  RATING  CURVE  POINT  FOR  RESERVOIR  SEGMENT  NO.     4  : 
(Three  entries  to  a  line,  in  above  order,  separated  by  commas) 

?  0,0,0 

?  .3,1,132300 

?  .5,21.2,217800 

?  1,60,435600 

?  1.5,110,653400 

?  2, 170,871200 


n 


2.5,238, 1089000 


DO  YOU  WISH  TO  ENTER  INFLOW  HYDROGRAPH  FOR  SEGMENT  NO. 
FROM  THE  KEYBOARD  OR  FROM  A  PREVIOUSLY  GENERATED  DATA 
FILE  (  1  OR  2  )  ? 

1  -  KEYBOARD 

2  -  FILE 

?  1 

ENTER  FLOW  VALUE  FOR  EACH  OF    15  TIME  PERIODS: 
(One  entry  to  a  line) 

?  80 
?  90 
?  110 
?  130 
?  1 20 
?  110 
?  lOO 
?  90 
?  85 
?  82 
?  80 
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78 
75 
73 

?  70 


ROUTE  CHANNEL  SEGMENT  NO.  1 

TIME  (HRS>  IN  (CFS)  OUT  (CFS) 

■°°  80.000  80.000 

■50  90.000  79.432 

1 -<-"->  HO.OOO  SI.  786 

1  -  50  1 30 . OOO  89 . 968 

2 - QO  1 20 . OOO  1 03 . 756 

2.50  110. OOO  109.689 

3 - OO  1 00 . OOO  110. 360 

3 ■ 50  90 . OOO  1 07 . 506 

4-00  85. OOO  102.009 

4-5°  82.000  96.562 

5-00  80.000  91.867 

5-50  78. OOO  88.061 

6-00  75.000  84.909 

6 . 50  73. OOO  8 1 . 750 

7.00  70.000  79.031 

DO  YOU  WISH  TO  PLOT  OUTFLOW  HYDROGRAPH 
FOR  SEGMENT  NO.      1  (Y  OR  N>?  Y 

PLEASE  BE  PATIENT 


i 
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FLOW  (CFS/ 


110  + 


100  + 


?0  t 


80  # 

i 

«■- 
0 


OUTFLOW  HYDR06RAPH  FOR  SESHENT  NO.        1 


TIME  (HOURS) 


i    -    9 
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DO  YOU  WISH  TO  ENTER  INFLOW  HYDROGRAPH  FOR  SEGMENT  NO. 
FROM  THE  KEYBOARD  OR  FROM  A  PREVIOUSLY  GENERATED  DATA 
FILE  (  1  OR  2  )  ? 

i  -  KEYBOARD 
2  -  FILE 


ENTER  FLOW  VALUE  FOR  EACH  OF    15  TIME  PERIODS: 
(One  entry  to  a  line) 


"7 

0 

•7 

0 

•7 

40 

•7 

45 

7 

50 

"7 

50 

7 

45 

'7 

40 

7 

36 

-~> 

30 

■7 

30 

7 

35 

•7 

40 

7 

35 

•7 

30 

i 


ROUTE  CHANNEL  SEGMENT  NO.     2 

IN  (CFS)  OUT  (CFS) 

. OOO  -  000 

. OOO  ■ OOO 

40. OOO  4O.O00 

45.000  45.000 

50.000  50. OOO 

50. OOO  50.000 

45.000  45.000 

40.000  40.000 

36. OOO  36.000 

30.000  30.000 

30.000  30.000 

35.000  35.000 

40.000  40.000 

35.000  35.000 

30.000  30.000 


TIME 

(HRS) 

. 

OO 

. 

50 

1. 

OO 

1. 

50 

2. 

OO 

2. 

50 

3. 

OO 

3. 

50 

4. 

,00 

4. 

,50 

5. 

.OO 

5. 

,50 

6, 

.  00 

6. 

.50 

7, 

.00 

DO  YOU  WISH  TO  PLOT  OUTFLOW  HYDROGRAPH 
FOR  SEGMENT  NO.     2  (Y  OR  N)?  Y 

PLEASE  BE  PATIENT 
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FLQH  (CFSJ 


40   + 


20    + 


0     * *- 


OUTFLOW  KYDR06RAPH  p^  SEBMI 


*    # 


*     * 


TIME  (HOURS) 
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ENTER  INFLOW  SEGMENTS  TO  SEGMENT  NO.     3  : 

(Five  values  must  be  entered,  if  less  than  five  segments  are 

confluent  with  Segment  No.     3   then  enter  zeros  to  make  up 

the  difference.  One  entry  to  a  line.) 


?  1 

?  0 

?  0 

?  o 

?  f> 


ROUTE  CHANNEL  SEGMENT  NO.      3 

TIME  (HRS)  IN  (CFS) 


. 

00 

. 

50 

1. 

OO 

1. 

50 

2. 

OO 

2. 

50 

-r 

-_>  m 

OO 

3. 

,50 

4. 

,oo 

4. 

,50 

5. 

.00 

5. 

.50 

6, 

.00 

6, 

.50 

7. 

.00 

80. 

79. 

81. 

89. 
103. 
109. 
HO. 
107. 
102. 

96. 

91. 

88. 

84. 

81. 

79. 


OOO 
432 
786 
968 
756 
689 
360 
506 
009 
562 
867 
061 
909 
750 
031 


OUT  (CFS) 

80. 

OOO 

80. 

179 

79. 

280 

77. 

237 

75. 

,597 

79. 

701 

85. 

849 

91. 

,944 

96. 

,974 

99. 

,756 

100. 

.556 

99. 

.911 

98. 

.390 

96. 

.526 

94. 

.248 

DO  YOU  WISH  TO  PLOT  OUTFLOW  HYDROGRAPH 
FOR  SEGMENT  NO.     3  (Y  OR  N)?  Y 

PLEASE  BE  PATIENT 
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OUTFLOW  HVDROGRAPH  FOR  SEGMENT  NO. 


% 


FLOW  (CFS) 


100       ♦ 


?o       + 


*  * 


TIME  IH00RS) 
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ENTER  INFLOW  SEGMENTS  TO  SEGMENT  NO.      4  : 

(Five  values  must  be  entered,  i  f  less  than  five  segments  ^re 

confluent  with  Segment  No.     4   then  enter  zeros  to  make  up 

the  difference.  One  entry  to  a  line.) 


?  3 
?  0 

?  o 


ROUTE  RESERVOIR  SEGMENT  NO. 


E  (HRS) 

IN  (CFS) 

OUT  (CFS) 

VOL  (CF> 

HEIGHT 

.00 

80 . OOO 

80. OOO 

522720.0 

1.20 

.50 

80. 179 

80 . U3 1 

522853.3 

1.20 

1.00 

119.280 

86.777 

552239.3 

1.27 

1.30 

122.237 

98.414 

602932. 1 

1.38 

2.00 

125.597 

107. 148 

640976.5 

1.47 

2.50 

129.701 

114.821 

670973. O 

1.54 

3.00 

130.849 

120.942 

693281.9 

1.59 

3.50 

131.944 

125.082 

708374.4 

1.63 

4.00 

132.974 

128. 004 

719023.4 

1.65 

4.50 

129.756 

129.335 

723875.3 

1.66 

5.00 

130.556 

129. 660 

725060. 4 

1.66 

5.50 

134.911 

130.877 

729497.2 

1.67 

6.00 

138.390 

133. 164 

737831.4 

1.69 

6.50 

131.526 

133.874 

740421.5 

1.70 

7.00 

124.248 

131.503 

731778.4 

1.68 

DO  YOU  WISH  TO  PLOT  OUTFLOW  HYDROGRAPH 
FOR  SEGMENT  NO.     4  (Y  OR  N)?  Y 

PLEASE  BE  PATIENT 
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QUTFLOM  HV 0RQ6RAPH  FOR  SEGMENT  NO. 


* 


FLOW  <CFS) 
140        + 


120        + 


100        + 


80 


TIME   (HOURS) 
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ENTER  INFLOW  SEGMENTS  TO  SEGMENT  NO.     5  : 

(Five  values  must  be  entered,  if  less  than  five  segments  are 

confluent  with  Segment  No.     5   then  enter  zeros  to  make  up 

the  difference.  One  entry  to  a  line.) 

?  4 

?  0 

?  0 

?  0 

?  o 


ROUTE  CHANNEL  SEGMENT  NO.     5 

TIME  (HRS)  IN  (CFS)  OUT  (CFS) 

- OO  80 . OOO  80 . OOO 

-50  80.031  79.995 

l-OO  86.777  78.922 

1-50  98.414  79.452 

2.00  107.148  83.840 

2.50  114.821  89.726 

3 .  OO  1 20 . 942  96 . 408 

3.50  125.082  103.236 

4.00  128. 004  109.439 

4-50  129.335  114.896 

5.00  129.660  119.254 

5-50  130.877  122.237 

6-00  133.164  124. 508 

6.50  133.874  127.038 

7-00  131. 503  129.507 


DO  YOU  WISH  TO  PLOT  OUTFLOW  HYDROGRAPH 
FOR  SEGMENT  NO.     5  (Y  OR  N)?  Y 

PLEASE  BE  PATIENT 
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FLOW  (CFS> 


140   + 


OUTFLOW  HYDROSftAPH  FOR  SESHENT  NO. 


% 


120   + 


100   + 


80 


* ♦- 


+ 

8 
TIME  (HOURS) 
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SELECT  THE  PROCEDURE  DESIRED: 


i 


1  -  FLOOD  ROUTING 

2  -  DAM  BREACH  ANALYSIS 

3  -  END  PROGRAM  RUN 


?  3 

ready 
* 


Oi*QL-Bcsach_Anal  ysis 

The  following  example  run  illustrates  the  computation  of 
expected  flows  from  a  number  of  different  types  of  dam  breaches 
including  both  overtopping  and  piping.  As  can  be  seen,  the 
program  is  fully  self  prompting  and  no  additional  explanation  of 
required  input  is  necessary.  The  last  evaluation  in  the  series, 
using  a  circular  pipe  orifice,  illustrates  the  ability  to  analyze 
a  number  of  different  possible  flows  for  a  given  type  of  breach. 


*BRN  A403/FL00D,  R 

This  program  routes  a  set  of  inflow  hydrographs  through  a  multiple 
channel  and/or  reservoir  system  using  the  Muskingam  and  Puis  methods. 
The  program  also  provides  the  option  of  analyzing  expected  flows  due 
to  a  dam  breach  by  either  overtopping  or  piping.  The  following  inputs 
are   required  for  the  routing  routine: 

*  Input  hydrographs  for  headwater  segments 

*  Muskingam  time  constants  for  channels 

*  Muskingam  weighting  values  for  channels 

*  Stage/discharge/storage  points  for  reservoirs 

*  Listing  of  confluent  segments  for  each  segment 

*  Number  of  time  steps 

*  Length  of  each  time  step 

Up  to  100  channel  and/or  reservoir  segments  can  be  routed,  up  to  10  of 
which  can  be  reservoirs.  Each  reservoir  can  have  up  to  10  arbitrary  in- 
creasing stage/discharge/storage  values.  Up  to  five  segments  can  be  con- 
fluent into  a  single  segment.  Inflow  hydrographs  to  headwater  segments 
can  be  input  from  the  keyboard  or  from  a  previously  saved  data  file.  In- 
flow hydrographs  must  define  flows  for  each  time  step. 

The  dam  breach  analysis  requires  that  water  levels  and  dimensions  of  the 
breach  be  specified  as  per  a  diagram  which  appears  on  the  screen.  The 
dam  breach  option  can  also  be  used  to  generate  stage/discharge/storage 
values  for  input  to  the  routing  routine. 


i 


< 
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SELECT  THE  PROCEDURE  DESIRED; 


1  -  FLOOD  ROUTING 

2  -  DAM  BREACH  ANALYSIS 

3  -  END  PROGRAM  RUN 


ENTER  TYPE  OF  BREACH: 

1  -  OVERTOPPING 

2  -  PIPING 

?  1 

ENTER  WEIR  SHAPE: 

1  -  RECTANGULAR 

2  -  TRIANGULAR 

3  -  PARABOLIC 

?  1 

ENTER  NUMBER  OF  FLOWS  (Q'S)  10  BE  COMPUTED: 

?  1 

ENTER  L  AND  D  DIMENSIONS  (separate  with  comma) 

!-  -  -  L  -  -  -: 

*=============*  -WATER   LEVEL 

*  *  ! 

*  *  D 

*  *  ! 
********  — 

?  35, 10 

EXPECTED  FLOW  (Q)  =     3403.401 

SELECT  THE  PROCEDURE  DESIRED: 

1  -  FLOOD  ROUTING 

2  -  DAM  BREACH  ANALYSIS 

3  -  END  PROGRAM  RUN 

*?  2 

ENTER  TYPE  OF  BREACH: 

1  -  OVERTOPPING 

2  -  PIPING 

?  1 
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< 


ENTER  WEIR  SHAPE: 

1  -  RECTANGULAR 

2  -  TRIANGULAR 

3  -  PARABOLIC 

?  2 

ENTER  NUMBER  OF  FLOWS  (GPS)  TO  BE  COMPUTED: 

?  1 

ENTER  L  AND  D  DIMENSIONS  (separate  with  comma): 

j L . 

*=======================*  -WATER   LEVEL 

*  *    ! 

*  *      ! 

*  *        D 

*  *           ! 

*  *             ■ 

*  — 

?  35, lO 

EXPECTED  FLOW  (Q)  =     127V. 458 

SELECT  THE  PROCEDURE  DESIRED: 

1  -  FLOOD  ROUTING 

2  -  DAM  BREACH  ANALYSIS 

3  -  END  PROGRAM  RUN 


i 


ENTER  TYPE  OF  BREACH: 

1  -  OVERTOPPING 

2  -  PIPING 


ENTER  WEIR  SHAPE: 

1  -  RECTANGULAR 

2  -  TRIANGULAR 

3  -  PARABOLIC 


ENTER  NUMBER  OF  FLOWS  (Q'S)  TO  BE  COMPUTED: 
?  1 
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ENTER  L  AND  D  DIMENSIONS  (separate  with  comma) 

■  I  • 

*=======================*  -WATER   LEVEL 

*  *   ! 

*  *    D 

*  *      ! 

*  *  — 

?  35, 10 

EXPECTED  FLOW  (Q)  =     1901.447 

SELECT  THE  PROCEDURE  DESIRED: 

1  -  FLOOD  ROUTING 

2  -  DAM  BREACH  ANALYSIS 

3  -  END  PROGRAM  RUN 

?  2 

ENTER  TYPE  OF  BREACH: 

1  -  OVERTOPPING 

2  -  PIPING 


ENTER  ORIFICE  SHAPE: 

1  -  RECTANGULAR  PIPE 

2  -  CIRCULAR  PIPE 

?  1 

ENTER  THE  NUMBER  OF  FLOWS  (GTS)  TO  BE  COMPUTED: 

?  1 

ENTER  L,H,  AND  D  DIMENSIONS  (separate  with  commas) 

======================  -WATER   LEVEL 

i 

■ 

■ 
■ 

D 

—  *******  J 

:  *         *  : 
h  *  *  - 

—  ******* 

:-  -  l  -  -i 

?  8,5, 10 

EXPECTED  FLOW  (Q)  =     604.6275 
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i 

SELECT  THE  PROCEDURE  DESIRED:  ^ 

1  -  FLOOD  ROUTING 

2  -  DAM  BREACH  ANALYSIS 

3  -  END  PROGRAM  RUN 


ENTER  TYPE  OF  BREACH: 

1  -  OVERTOPPING 

2  -  PIPING 


ENTER  ORIFICE  SHAPE: 

1  -  RECTANGULAR  PIPE 

2  -  CIRCULAR  PIPE 

7  2 

ENTER  NUMBER  OF  FLOWS  (GTS)  TO  BE  COMPUTED: 

?  2 

ENTER    L    AND    D    DIMENSIONS     (separate    with    comma):  d 


WATER       LEVEL 


D 


*                                             * 
; L . 

?    8,  10 

EXPECTED   FLOW     (Q)     =  759.7562 

?    10,10 

EXPECTED  FLOW  (Q)  =     1187.119 


( 
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SELECT  THE  PROCEDURE  DESIRED: 


1  -  FLOOD  ROUTING 

2  -  DAM  BREACH  ANALYSIS 

3  -  END  PROGRAM  RUN 


ready 
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BACKWATER  CURVE  AND  VELOCITY  PROGRAM 


Ii._lQtrgduct  ion 

A  backwater  curve  is  the  water  surface  profile  of  flow  in  an 
open  channel  under  gradually  varied  flow  conditions.  Gradually 
varied  flow  conditions  occur  when  the  cross  section  of  flow  along 
the  channel  varies  gradually  so  that  the  resulting  changes  in 
velocity  take  place  very  slowly  <i>.  This  program  enables  the 
determination  of  the  water  surface  profile  and  flow  velocity  for 
a  fixed  flow  rate  in  a  trapezoidal,  rectangular,  or  triangular 
channel  by  the  step  method. 


J.  Ii_Program_Thegry 

Changes  in  the  cross  section  of  flow  along  a  channel  can 
result  from  a  change  in  the  geometry  of  the  channel  through 
widening  or  narrowing  or  through  the  introduction  of  an 
obstruction  such  as  a  dam  or  another  type  of  flow  control 
structure.  The  resulting  flow  profiles  can  be  classified  on  the 
basis  of  the  slope  of  the  channel  and  the  relationships  between 
the  initial  depth  at  which  the  profile  is  to  start  (Yo) ,  the 
normal  flow  depth  (YM>  ,  and  the  critical  flow  depth  (Yc:).  The 
normal  depth  of  flow  is  that  obtained  under  uniform  flow 
conditions  for  the  channel  geometry  and  flow  rate  given.  For  the 
given  conditions,  the  depth  of  flow  which  occurs  under  the  energy 
state  which  divides  tranquil  from  rapid  flow  is  termed  critical 
depth.  At  this  depth,  the  Froude  number  is  equal  to  1. 

The  bed  slope  may  be  mild,  steep,  or  critical  with 
corresponding  M,  S,  or  C  profiles  (Table  2.1)  depending  on  the 
relationship  of  YM  to  Y,::.  Each  of  these  profile  classifications 
can  be  further  classified  into  three  subgroups  depending  upon  the 
relationships  between  YC),  Yls,,  and  Y<-  (Table  2.1).  The  profile 
classification  determines  whether  the  computation  proceeds 
upstream  or  downstream,  incrementing  or  decrementing  from  the 
initial  depth  until  the  normal  depth  is  attained. 
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Table  2.!.  -  Water  surface  profiles  and  depth  Units  (2). 
ype  Slope'  Type  Profile  Depth  Relationships  Computational  Procedure 


Mild 


Ml  to   >  in  Proceed  upstream,  decrementing  depth,  until 

normal  depth  is  reached. 


H2  YM  >  ?0  >  Yc       Proceed  upstream,  incrementing  depth,  until 

"n  >  i'c.'  normal  depth  is  reached. 

Nj  Ye  >  Yo        Proceed  downstream,  incrementing  depth,  until 

normal  depth  is  reached. 


CI  Yo  >  Yc        Proceed  upstreaa,  decrementing  depth,  until 

normal  depth  is  reached. 
Critical 

C2  ia   =  Yc        Profile  is  parallel  to  bed  at  Y0  =  Yc  =  YN, 

('n  =  Yc)  no  procedure. 

C3  vc  >  Yo        Proceed  downstream,  incrementing  depth,  until 

normal  depth  is  reached. 


Si  1o  >   Yc        Proceed  upstream,  decrementing  depth,  until 

normal  depth  is  reached. 


;teep 


52  Yc  >  Yo  >  YN      Proceed  downstream,  decrementing  depth,  until 
'^c   >  in)  normal  depth  is  reached. 

53  YN  >  y0        Proceed  downstream,  incrementing  depth,  until 

normal  depth  is  reached. 


1  to  =  Initial  depth 
YN  =  Normal  depth 
Yc  =  Critical  depth 
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The  step  method  is  the  simplest  procedure  for  computing 
backwater  curves  for  a  fixed  rate  of  flow  (2).  The  equation  of 
motion  for  open  channel  flow  can  be  written: 


dE 
dx 


=   S 


C2-13 


where, 

E  =  total  energy  of  flow, 

x  =  distance, 

S  =  Sc,  -  Sf  =  energy  grade  line  slope, 
S,;3  =  bed  slope,  and 
Sf  =  friction  slope. 

Under  the  assumption  of  steady,  uniform  flow,  the  friction 
slope,  S*  ,  is  disregarded.  In  order  to  accurately  predict  a 
water  surface  profile,  however,  we  must  consider  the  energy  loss 
due  to  flowing  water.  This  energy  loss  is  the  friction  slope 
term. 

If  flow  rate,  Q,  channel  roughness,  n,  bed  slope,  S,  and 
channel  geometry  are  known  constants,  and  if  the  depth  of  water 
at  two  locations  is  known  or  specified,  then  the  distance  between 
the  locations,   AL,  can  be  determined  from  (3): 


where, 


Vlz 


V22 


y,  +  a 


-   Ya;  +   a 


2g 


L  = 


C2-2D 


(S  -  Sra) 


i  =  1,  2,  3,  .  .  -  ,  n, 

Y±  =  water  depth  at  point  i  (ft), 
AL  =  distance  between  points  1  and  2  (ft), 
a  =  kinetic  correction  factor  (often  assumed  to  be  1), 
g  =  gravitational  constant  (32.2  ft/sec32), 

V:(  =  water  velocity  at  point  i  (ft/sec). 


St 


and 


Si  = 


Qn 
1.49  A,RA-'^ 


* 


2-3 
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where. 

Si  =  water  surface  slope  at  point  i, 

Q  =  flow  (ftVsec), 

A i  =  cross-sectional  &rea    of  flow  at  point  i  (ft'*), 

n  =  Manning's  n,  and 

Rt  =  hydraulic  radius  (ft). 

Velocities  are    calculated  from: 

Q 

y  = »  C2-31 

A 

where, 

V  =  velocity  (ft /sec), 

A  =  cross-sectional  Ares     (ft"),  and 

Q    =    flow  rate  (ft3/sec). 

The  step  procedure  starts  with  a  known  depth  of  flow  at  the 
beginning  of  the  channel  segment  (Y0)  and  a  given  depth  increment 
do).  The  known  channel  geometry  can  then  be  used  in  Equations  2— 
2  and  2-3  to  compute  L,  the  length  of  the  portion  of  the 
channel  segment  between  Y0  and  Y(J  +-  Ia.  By  repeating  these 
computations  for  subsequent  incremented  or  decremented  depths, 
the  entire  backwater  curve  can  be  calculated  up  to  the  point 
where  the  normal  depth  is  attained. 


II I  i_Program_Oper  at  ion_/_Limi  tat  i_gns 

After  initial  data  input,  the  program  will  calculate  the 
normal  and  critical  depths.  The  user  then  inputs  the  initial 
depth  and  depth  increment  and  the  program  selects  and  follows  the 
appropriate  computational  procedure  from  Table  2.1.  Positive 
distance  values  in  the  resulting  output  indicate  steps  downstream 
and  negative  distance  values  indicate  steps  upstream  from  the 
location  of  the  initial  depth. 

In  general  ,  as  I,:,  decreases,  L  decreases  and  the  accuracy 
of  the  approximation  of  the  energy  slope  increases  (as  does  the 
accuracy  of  the  backwater  curve  approximation).  However,  use  of  a 
smaller  I(:)  increases  computation  iterations  and  the  length  of  the 
tabular  output. 

The    program   is   completely   menu   driven   and   input  of 

necessary   data   as   well   as  selection   of   optional   output  is 

prompted  as   the   program  is  run.   The  user  has   the   option  of 

producing  a  plot  of  the  backwater  curve  as  part  of  the  output.  A 

complete  listing  of  the  variables  used  in  the  program  as  well  as 

comments  describing   its   operation  can  be  found  in   the   source 
code. 
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IVi_Exam£3.1e  Problem 

This  example  deals  with  a  portion  of  Donkey  Creek  which 
flows  through  a  culvert  underneath  a  road  embankment  downstream 
of  a  trailer  park.  The  culvert  tends  to  become  clogged  with  trash 
and  debris.  If  this  results  in  raising  the  water  level  at  the 
upstream  face  of  the  culvert  to  2.2  feet,  what  will  the  resulting 
backwater  surface  profile  look  like  for  the  mean  annual  flow  ? 
This  portion  of  the  Donkey  Creek  channel  has  the  following 
characteristics: 

Channel  side  slope  =  4.0  ft/ft 
Channel  bottom  width  =  30.0  ft 
Channel  bed  slope  =  0.0025  ft /ft 
Manning's  roughness  coefficient  =  0.035 
Mean  annual  flow  =  30  ft3 /sec 

For  the  initial  evaluation  a  depth  increment  of  0.1  ft  will 
be  used.  If,  after  viewing  the  results,  more  accurate  values  are 
desired,  they  can  be  obtained  by  using  a  smaller  increment. 


*BRN  A403/BACKH20,  R 

This  program  uses  the  direct  step  method  to  determine  a  water  surface 
profile  and  flow  velocities  under  gradually  varied  flow  conditions  for  a 
fixed  rate  of  flow  in  a  trapezoidal,  rectangular,  or  triangular  channel 
by  the  standard  step  method. 

The  program  also  provides  the  capability  to  determine  normal  flow  depth 
or  critical  flow  depth  for  a  given  channel  cross  section,  Manning's  n, 
and  flowrate.  These  depths  can  then  be  used  as  starting  or  ending  points 
for  determining  downstream  or  upstream  water  surface  profiles  and  flow 
velocities.  This  program  will  also  generate  a  water  surface  profile  plot 
when  requested  by  the  user. 

SELECT  THE  PROCEDURE  DESIRED: 

1  -  BACKWATER  CURVE 

2  -  END  PROGRAM  RUN 

?  1 

***  INITIAL  DATA  ENTRY  FOR  NORMAL/CRITICAL  DEPTH  CALCULATION  *** 

ENTER  FIXED  RATE  OF  DISCHARGE,  CFS: 

?  30 

ENTER  CHANNEL  BOTTOM  WIDTH,  FT  (ZERO  FOR  TRIANGULAR  CHANNEL): 

?  30 

ENTER  CHANNEL  SIDE  SLOPE,  RISE/RUN,  FT/FT (ZERO  FOR  RECTANGULAR  CHANNEL): 

?  4 

ENTER  CHANNEL  BED  SLOPE,  FT/FT: 

?  .0025 
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ENTER  MANNING'S  COEFFICIENT: 
?  =035 

WAIT  WHILE  NORMAL  DEPTH  AND  CRITICAL  DEPTH  ARE  COMPUTED 

NORMAL  DEPTH  =   .63  FT 
CRITICAL  DEPTH  =   .31  FT 

***  ADDITIONAL  DATA  ENTRY  FOR  BACKWATER  CURVE  CALCULATION  *** 

ENTER  INITIAL  DEPTH,  FT: 
'?  2  2 

ENTER  DEPTH  INCREMENT,  FT: 
7  .  1 

***  WAIT  WHILE  BACKWATER  CURVE  IS  CALCULATED  *** 

DEPTH      CHG  IN  DIST      TOT  DIST      VEL 


2.20 

OO.OO 

OO.OO 

.35 

2.  lO 

-40.47 

-40.47 

.37 

2.00 

-40.56 

-81. 03 

.39 

1.90 

-40.67 

-121.70 

.42 

1.80 

-40.82 

-162.51 

.45 

1.70 

-41.00 

-203.52 

.48 

1.60 

-41.25 

-244.76 

.52 

1 .  50 

-41.57 

-286.33 

.56 

1.40 

-42.02 

-328.36 

.60 

1 .  30 

-42.65 

-371.01 

.66 

1.20 

-43.57 

-414.57 

.72 

1.  10 

-44.97 

-459. 54 

.79 

1.00 

-47.24 

-506.77 

.88 

.90 

-51.28 

-558.05 

.99 

.80 

-59.69 

-617.74 

1.  13 

.  70 

-84.09 

-701.82 

1.31 

.60 

-420.22 

-1122.04 

1.54 

DO  YOU  WISH  TO  PLOT  BACKWATER  CURVE  (Y  OR  N) 


ENTER  TITLE  FOR  PLOT  (30  CHARACTERS  OR  LESS) 
?  DONKEY  CREEK 

THIS  WILL  TAKE  SOME  TIME 


% 
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DEPTH  (FEET' 


+    * 


DONKEY  CREEK 


% 


* 


i.6   + 


i.l   + 


.b        +- 

0 


— ♦— 

400 


+ 

800 
DISTANCE  UPSTREAM  (FEET) 
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SELECT  THE  PROCEDURE  DESIRED: 


1  -  BACKWATER  CURVE 

2  -  END  PROGRAM  RUN 


?  -? 


ready 


Vi_Ref_erences 
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LOG  PEARSON  TYPE  III  ANALYSIS 


ii—lotrodyction 

Jhe  determination  of  the  probability  of  occurence  of  a  flood 
of  given  magnitude  is  an  important  hydro-logic  problem-  One 
method  of  making  this  determination  is  a  statistical  analysis  of 
historical  flow  data.  The  log  Pearson  Type  111  curve  has  been 
selected  as  a  common  standard  by  federal  agencies  (3) . 

This  program  fits  a  series  of  events  such  as  peak  annual 
flows,  to  a  log  Pearson  Type  III  distribution.  Given  an  event  of 
magnitude  X,  the  program  determines  the  probability  of  not 
exceeding  X  in  any  given  year.  The  program  also  determines  the 
recurrence  interval  (in  years)  of  X. 


% 


IIi_Program_Thegry 

The  log  Pearson  Type  III  distribution  is  commonly  used  for 
predicting  flood  recurrence  intervals.  When  this  distribution  is 
used  it  is  assumed  that  the  logarithms  of  the  individual  events 
can  be  fit  to  a  type  of  curve  originally  derived  by  Karl  Pearson 
(4).  The  distribution  is  actually  a  three-parameter  Gamma 
distribution  that  uses  the  logarithms  of  the  individual  events  as 
the  random  variate. 

The  Pearson  Type  III  probability  density  function  is: 

P(y)  =  probability  density  function 


=     t  a    •    e  * 

P  n  a  ) 


where. 


C3-1  I 


t       = 


y    -    c 


UJ 


s  iy 

2 


• 


c       = 


—    r? 


^s 


w 


and 


User  Reference  Guide: 


HYDROLOGIC  DESIGN  &  ANALYSIS  PROGRAMS 


y  =  mean  of  y  series, 

s  =  standard  deviation  of  y  series, 

IJJ  =  skew  coefficient  of  y  series,  and 

Ra)  =  gamma  function. 


By  integrating  the  probability  density  function  for  a   given 
rence  interval,  v  ,  one  can  derive  an  equation  of  the  form: 

y   =  y  +  sK  C3-23 


where, 

yv  =  event  of  recurrence  interval   v,and 

K  =  a  function  of  skew  and  exceedence  probability. 

Table    3.1    enables   one   to   easily   determine   K    given 
probability  (or  recurrence  interval)  and  skew. 

Given  a  series   (x  series)  of   events  x  ,. ,   x^,  x:3: xn, 

the  program  computes  the  series  (y  series)  y±,   y^,,   y3!1  y,., 

by  taking  the  natural  logarithm  of  each  x.  The  normal 
statistical  parameters  y,  s,  and  are  calculated  using  the  y 
values.  The  Pearson  Type  III  parameters  ,  ,  and  c  are  computed 
from  y,  s,  and  UX.  The  probability  of  an  event,  y  ,  can  be 
calculated: 


P(X   <   Xy  >   = 


a  +  m 
2TT 


(a  +  m  -  1)  !d 
Q! 


t 

a  - 


-,  a 


m 


m 


exp 


-ty  +  a  +  m  - 


12(  CI+  m) 


360  (  Q+  m)  s 


n=U 


(ty  ) 


a(  a  +  i> . . .  <  a  +  n) 


£3-3: 


where, 

PC: 


)  =  the  probability  that  any  randomly  observed   event 
x,   will   be   less   than   or  equal  to  the  event  Xy 
that  has  a  recurrence  interval  of  Y  years, 
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TABLE  3=1.  -  K  values  for  use  with  Log  Pearson  Type  III  Distribution. 

Probability,  Pty  <  y%»  ) 
t  Recurrence  Interval   fvrs)  in  Parenthesis  J 


Skew 

0.01 

0.05 

0.10 

0.20 

0.50 

0.80 

0.90 

0.96 

0.98 

0.99 

0.995 

UJ 

(1.01) 

(1.05) 

i  1 . 1 1 ) 

(1.25! 

'2.0) 

(5.0) 

M0.fi) 

(25.0) 

(50.0) 

(100.0) 

(200.0) 

======= 

========== 

======== 

========= 

:======= 

========= 

======== 

======= 

======== 

======== 

======== 

======== 

3.0 

-.667 

-.665 

-.660 

-.636 

.396 

.420 

1.180 

2.278 

3.152 

4.051 

4.970 

2.9 

'       -.690 

-.668 

-.681 

-.651 

-.390 

.440 

1.195 

2.277 

3.134 

4.013 

4.905 

2.6 

-.714 

-.711 

-.702 

-.666 

-.334 

.460 

1.210 

2.275 

3.114 

3.973 

4.847 

2.7 

-.740 

-.736 

-.724 

-.681 

-.376 

.479 

1.224 

2.272 

3.093 

3.932 

4.783 

2.6 

-.769 

-.7o2 

-.747 

-.696 

-.368 

.4*9 

1.238 

2.267 

3.071 

3.B89 

4.718 

2.5 

-.799 

-.790 

-.771 

-.711 

-.360 

.518 

1.250 

2.262 

3.048 

3.845 

4.652 

2.4 

-.632 

-.819 

-.7<*5 

-.725 

-.351 

.537 

1.262 

2.256 

3.023 

3.800 

4.5B4 

2.3 

-.867 

-.850 

-.819 

-.  739 

-.341 

.555 

1.274 

2.248 

2.997 

3.753 

4.515 

2.2 

-.905 

-.882 

-.844 

-.752 

-.330 

.574 

1.284 

2.240 

2.970 

3.705 

4.444 

—  •  i 

-.946 

-.914 

-.869 

-.765 

-.319 

.592 

1.294 

2.230 

2.942 

3.656 

4.372 

2.0 

-.99(1 

-.949 

-.895 

-.777 

-.307 

.609 

1.302 

2.219 

2.912 

3.605 

4.298 

1.9 

-1.037 

-.984 

-.920 

-.788 

-.294 

.627 

1.310 

2.207 

2.881 

3.553 

4.223 

1.8 

-1.087 

-1.020 

-.945 

-.799 

-.282 

.643 

1.318 

2.193 

2.848 

3.499 

4.147 

1.7 

-1.140 

-1.056 

-.970 

-.808 

-.268 

.  660 

1.324 

2.179 

2.815 

3.444 

4.069 

1.6 

-1.197 

-1.093 

-.994 

-.817 

-.254 

.675 

1.329 

2.163 

2.780 

3.388 

3.990 

1.5 

-1.256 

-1.131 

-1.018 

-.825 

-.240 

.690 

1.333 

2.146 

2.743 

3.330 

3.910 

1.4 

-1.318 

-1.168 

-1.041 

-.832 

-.225 

.705 

1.33? 

2. 128 

2.706 

3.271 

3.828 

1.3 

-1.383 

-1.206 

-1.064 

-.838 

-.210 

.719 

1.339 

2.108 

2.666 

3.211 

3.745 

1.2 

-1.449 

-1.243 

-1.086 

-.844 

-.195 

.732 

1.340 

2.087 

2.626 

3.149 

3.661 

1.1 

-1.518 

-1.280 

-1.107 

-.848 

-.180 

.745 

1.341 

2.066 

2.585 

3.087 

3.575 

1.0 

-1.588 

-1.317 

-1.128 

-.852 

-.164 

.758 

1.340 

2.043 

2.542 

3.022 

3.489 

.9 

-1.660 

-1.353 

-1.147 

-.854 

-.148 

.769 

1.339 

2.018 

2.498 

2.957 

3.401 

.8 

-1.733 

-1.368 

-1.166 

-.856 

-.132 

.780 

1.336 

1.993 

2.453 

2.891 

3.312 

.7 

-1.806 

-1.423 

-1.183 

-.857 

-.116 

.790 

1.333 

1.967 

2.407 

2.824 

3.223 

.6 

-1.880 

-1.458 

-1.200 

-.857 

-.099 

.800 

1.328 

1.939 

2.359 

2.755 

3.132 

.5 

-1.955 

-1.491 

-1.216 

-.856 

-.803 

.808 

1.323 

1.910 

2.311 

2.666 

3.041 

.4 

-2.029 

-1.524 

-1.231 

-.855 

-.066 

.816 

1.317 

1.880 

2.261 

2.615 

2.949 

.3 

-2.104 

-1.555 

-1.245 

-.853 

-.050 

.824 

1.309 

1.849 

2.211 

2.544 

2.856 

,2 

-2.178 

-1.586 

-1.258 

-.850 

-.033 

.830 

1.301 

1.818 

2.159 

2.472 

2.763 

.1 

-2.252 

-1.616 

-1.270 

-.846 

-.017 

.836 

1.292 

1.785 

2.107 

2.400 

2.670 

.0 

-2.236 

-1.645 

-1.282 

-.842 

.  000 

.842 

1.282 

1.751 

2.054 

•}    TIL 

2.576 

-.1 

-2.400 

-1.673 

-1.292 

-.836 

.017 

.846 

1.270 

1.716 

2.000 

2.252 

2.482 

_  t 

-2.472 

-1.700 

-1.501 

-.830 

.033 

.850 

1.258 

1.680 

1.945 

2.178 

2.388 

-.3 

-2.544 

-1.726 

-1.309 

-.824 

.  050 

.853 

1.245 

1.643 

1.890 

2.104 

2.294 

-.4 

-2.615 

-1.750 

-1.317 

-.816 

.066 

.855 

1.231 

1.606 

1.834 

2.029 

2.201 

-.5 

-2.686 

-1.774 

-1.323 

-.808 

.  083 

.856 

1.216 

1.567 

1.777 

1.955 

2.108 

-.6 

-2.755 

-1.797 

-1.328 

-.800 

.099 

.857 

1 .  200 

1.528 

1.720 

1.880 

2.016 

-.7 

-2.284 

-1.819 

-1.333 

-.790 

.116 

.85? 

1.183 

1.488 

1.663 

1.806 

1.926 

-.8 

-2.891 

-1.839 

-1.336 

-.780 

.132 

.856 

1.166 

1.448 

1.606 

1.733 

1.837 

-.9 

-2.957 

-1.858 

-1.339 

-.769 

.148 

.854 

1.147 

1.407 

1.549 

1.660 

1.749 

-1.0 

-3.022 

-1,877 

-1.340 

-.758 

.164 

.852 

1.128 

1.366 

1.492 

1.586 

1.664 

-1.1 

-3.087 

-1.894 

-1.341 

-.745 

.180 

.848 

1.107 

1.324 

1.435 

1.516 

1.581 

-1.2      i 

-3. 14«? 

-1.910 

-1.340 

-.732 

.195 

.844 

1.086 

1.282 

1.379 

1.449 

1.501 

-1.3 

-3.211 

-1.925 

-1.339 

-.719 

.210 

.838 

1 .  064 

1.240 

1.324 

1.383 

1.424 

-1.4 

-3.271 

-1.938 

-1.337 

-.705 

.225 

.832 

1.041 

1.198 

1.270 

1.318 

1.351 

(Continued  on  next  page.. 
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TABLE  3.1.  -  K  values  'or  use  with  Log  Pearson  Type  ill  Distribution  icont. 

Probability,  P«y  <yy  I 

[  Recurrence  interval    syrs)   in  Parenthesis  J 


Skew 

0  .  0  1 

0.05 

0  ■  1 0 

0,20 

0.50 

0.80 

0. 90 

0,  ?6 

0.98 

0.99 

'J.  995 

w 

1 1.01  J 

(1.05) 

i  i .  1 1 ) 

(1.25) 

12.01 

(5.01 

(10. 0J 

125.  >ji 

(50.0) 

1 100.0) 

(200.0 

=======: 

========= 

======== 

========= 

:  =  ======  = 

:======== 

=  =  =  ===: 

:====  =  =  =  = 

::::  =  ": 

:=======  = 

======== 

====== 

-1.5 

-3.330 

-1.951 

-1.333 

-.690 

.240 

.825 

i.oia 

1. 157 

1.217 

1.256 

1.282 

-1.3 

-3.388 

-1.962 

-1.329 

-.675 

.254 

.817 

.994 

1.116 

1,16a 

l.)9'7 

1.216 

-1.7 

-3.444 

-1.972 

-1,324 

-,660 

.168 

.808 

_  97ij 

1.075 

1.116 

1.140 

1.155 

-1.8 

-3.499 

-i . -at 

-1.316 

-.643 

,282 

.799 

,945 

1.035 

1 ,  069 

1.087 

1 .  097 

-1,9 

-3.557 

-1.989 

-1.310 

-.627 

.294 

.788 

.920 

.996 

1.023 

1.037 

i .  044 

-2.0 

-3.om5 

-1.99.5 

-1.302 

-.609 

.307 

.777 

.895 

.959 

.  980 

.990 

.995 

-2.1 

-3.656 

-2.001 

-1.294 

-.592 

.319 

.  765 

.86? 

.923 

.939 

.946 

.944 

-2.2 

-3.705 

-2.00.5 

-1,234 

-.574 

.330 

.752 

.844 

.888 

.  900 

.  905 

.907 

-2.3 

-3.753 

-2.0t.t9 

-1,274 

-.JJJ 

.341 

.739 

.819 

.  8j5 

.864 

.667 

.869 

-2.4 

-3.800 

-2.011 

-1,262 

-.  537 

.351 

.  725 

.795 

.323 

.830 

,  ti  j_ 

.833 

-2.5 

-3.845 

-2.012 

-1.250 

-.518 

.  360 

.711 

.771 

.793 

.798 

.799 

.  600 

-2.6 

-3.889 

-2.013 

-1.238 

-.499 

.368 

.696 

.747 

.  764 

.768 

.769 

.769 

-2.7 

-3.932 

-2.012 

- i , 224 

-.479 

.376 

.681 

.724 

.738 

.740 

.740 

.741 

-2.8 

-3.973 

-2.010 

-1.210 

-.460 

.384 

.666 

.702 

.712 

.714 

.714 

.714 

-2.9 

-4.013 

-2.007 

-1.195 

-.440 

.390 

.o51 

.681 

.683 

,689 

.690 

.690 

-3.0 

-4.051 

-2.003 

-1.180 

-.420 

.396 

.o36 

.660 

,  666 

.666 

.667 

.667 

yY 


=  Y~auantile  point  for  t< 


m  =  a  positive  integer,  and 
p  =  a  positive  integer. 

The  accuracy  of  the  determination  increases  as  p  and  m 
increase.  To  hold  the  number  of  computations  to  a  reasonable 
level  the  values  are  chosen  such  that  m  is  less  than  or  equal  to 
five  and  p  is  sufficiently  large  to  ensure  that  the  summation  in 
the  series  expansion  is  accurate  to  over  ten  places. 

This  program  is  based  on  a  program  from  Hydrologic  and 
Hydraul zc  Computations  on  Small  Programmable  Calculators  by 
Thomas  E.  Croley  II  (2).  For  a  complete  discussion  of  the 
mathematics  involved,  this  reference  is  highly  recommended.  A 
brief  description  of  the  Pearson  Type  III  probability  density 
function  can  be  found  in  the  Handbook    of    Mathematical  F unctions 

(1)  . 


II I i_Prggram_Oper at ign_/  Li  mutations 

A   maximum  of  200  flows  can  be  input  for  a  single   analysis. 

This   amount   was  considered  to  be  adequate  for  flow  records  for 

the   vast   majority   of  gaging   stations   (i.e.,   there  are  few 

stations   in   existance   with  periods  of  record  longer   than  200 

years).   This  limit  can  be  increased,   however,  by  increasing  the 

size    of   the   arrays   in   the   dimension   statements   for  the 
appropriate  variables. 
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The  program  allows  entered  flows  to  be  saved  to  a  disk  file 
and  then  recalled  and  edited  or  added  to  during  later  runs.  The 
program  also  allows  entered  flows  to  be  reviewed  and  edited  prior 
to  the  performance  of  the  analysis.  A  plot  of  flows  versus 
computed  return  periods  can  also  be  generated.  The  program  is 
completely  menu  driven  and  input  of  necessary  data  as  well  as 
selection  of  optional  output  is  prompted  as  the  program  is  run. 
A  complete  listing  of  the  variables  used  in  the  program  as  well 
as  comments  describing  its  operation  can  be  found  in  the  source 
code. 


I.Vi_Examp.ie_Prgblem 

This  example  deals  with  flow  data  from  a  USGS  gaging  station 
on  Donkey  Creek  in  the  northern  Powder  River  Basin,  Wyoming.  The 
objective  is  to  evaluate  the  flows  associated  with  a  number  of 
different  return  periods  in  order  to  determine  the  storage  and 
spillway  capacities  for  a  flood  control  reservoir  to  be  located 
in  the  Donkey  Creek  drainage.  A  total  of  31  annual  peak  flows 
were  available  for  the  analysis: 


;  year  : 

:  1953  : 

:  1954  : 

!  1955  ! 

!  1956  ! 

:  1957  : 

:  1958  : 

:  1959  : 

:  i960  : 

:  1961  : 

:  1962  : 

!  1963  ! 

:  1964  : 

!  1965  ! 

!  1966  i 

:  1967  : 

:  1968  : 

!  1969  ! 

FLOW  (cfs) 


!  YEAR  : 


FLOW  (cfs) 


108.0 

53.6 

585.0 

98.  1 

40.6 

472.0 

96.5 

217.0 

42.7 

208.0 

143.0 

93.7 

398.0 

298.0 

248.  O 

441.0 

386.0 


1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 


567.0 
122. O 
151.0 
244.  O 
400.0 
245.0 
114.0 
659.0 
132.0 
44.0 
72.5 
135.0 
635.0 
508.0 


*BRN  A403/PEARS0N,  R 


This  program  fits  a  series  of  flow  events  such  as  peak  annual  flows 
to  a  Log  Pearson  Type  III  distribution.  This  distribution  is  com- 
monly used  to  predict  flood  recurrence  intervals.  Initial  data  input 
for  a  given  gaging  station  is  the  number  of  measured  peak  flows  and 
the  amount  of  each  flow  in  cubic  feet  per  second  (CFS).  If  flow  data 
for  a  particular  gaging  station  has  been  previously  analyzed,  and  the 


User  Reference  Guide:    HYDROLOGIC  DESIGN  &  ANALYSIS  PROGRAMS 


resulting  output  saved  to  a  disk  -file,  the  disk  file  may  be  called  up 
at  the  user's  request  in  order  to  avoid  re— inputting  all  of  the  flow 
amounts.  Previously  entered  flows  may  also  be  edited  and  added  to 
during  later  program  runs.  The  program  is  limited  to  200  flows  per 
gaging  station.  The  program  begins  by  asking  for  the  name  of  the  file 
the  output  is  to  be  written  to-  If  an  output  file  has  been  previously 
generated,  the  same  file  name  may  be  used,  or  a  different  file  name 
may  be  used  to  separate  the  results. 

SELECT  THE  PROCEDURE  DESIRED: 

1  -  PEARSON 

2  -  END  PROGRAM  RUN 

?  1 

INPUT  NAME  OF  GAGING  STATION  (30  CHARACTERS  OR  LESS) 
?  DONKEY  CREEK 

DO  YOU  WISH  TO  INPUT  FLOW  DATA  FROM  THE  KEYBOARD  OR  FROM  A  PREVIOUSLY 
GENERATED  DATA  FILE  (1  OR  2)  ? 

1  -  KEYBOARD 

2  -  FILE 

?  1 

HOW  MANY  FLOWS  IN  FLOOD  SERIES  ?  31 

ENTER  EACH  FLOW: 


1 

7 

108 

'■J 

•? 

536 

-T 
•-> 

? 

585 

4 

o 

98.  1 

5 

•p 

40.6 

6 

7 

472 

7 

7 

96.5 

8 

7 

217 

9 

7 

42.7 

io 

o 

208 

11 

7 

143 

12 

•-> 

93.7 

13 

7 

398 

14 

7 

298 

15 

7 

248 

16 

o 

441 

17 

r> 

386 

18 

7 

567 

19 

-j 

122 

20 

•y 

151 

21 

7 

244 

22 

•y 

400 

23 

•? 

245 

24 

*? 

114 
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25 

r> 

659 

26 

7 

132 

27 

*■> 

44 

28 

*? 

72.5 

29 

7 

135 

30 

7 

635 

31 

*? 

508 

SELECT  ONE  FROM  MENU  BELOW: 


1  - 

EDIT  FLOWS 

2  - 

COMPUTE 

RETURN  PERIOD  FOR  A  GIVEN  FLOW 

3  — 

COMPUTE 

A  FLOW  FOR  A  GIVEN 

RETURN  PERIOD 

4  - 

GENERATE 

A  FLOOD 

FREQUENCY 

PLOT 

5  - 

EVALUATE 

NEW  SET 

OF  FLOWS 

6  - 

END  PROGRAM  RUN 

1 

108. OO 

2 

536. OO 

3 

585. OO 

4 

98. 

10 

5 

40.60 

6 

472.00 

7 

96.50 

8 

217. 

OO 

9 

42.70 

10 

208.00 

11 

143. OO 

12 

93. 

70 

13 

398. OO 

14 

298. OO 

15 

248.00 

16 

441. 

OO 

17 

386. OO 

18 

567. OO 

19 

122. OO 

20 

151. 

00 

21 

244.00 

22 

400.00 

23 

245. OO 

24 

114. 

OO 

25 

659.00 

26 

132. OO 

27 

44.  OO 

28 

72. 

50 

29 

135. OO 

30 

635.00 

31 

508.00 

*  NOTE  NUMBER  OF  ANY  FLOW  AMOUNT  WHICH  IS  INCORRECT  ! 

DO  YOU  WISH  TO  CHANGE,  ADD  TO,  OR  LEAVE  AS  IS  THE  PREVIOUSLY 
ENTERED  FLOW  AMOUNTS  <1,  2  OR  3)  ? 

1  -  CHANGE 

2  -  ADD  TO 

3  -  LEAVE  AS  IS 


ENTER  THE  NUMBER  OF  THE  FLOW  YOU  WISH  TO  CHANGE 
?  2 

PRESENT  VALUE  OF  FLOW  NO.     2   =    536   CFS 

ENTER  NEW  VALUE 

?  53.6 

NEW  VALUE  OF  FLOW  NO.     2   =   53.6   CFS 

DO  YOU  WISH  TO  CHANGE,  ADD  TO,  OR  LEAVE  AS  IS  THE  PREVIOUSLY 
ENTERED  FLOW  AMOUNTS  (1,  2  OR  3)  ? 

1  -  CHANGE 

2  -  ADD  TO 

3  -  LEAVE  AS  IS 
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SELECT  ONE  FROM  MENU  BELOW: 

1  -  EDIT  FLOWS 

2  -  COMPUTE  RETURN  PERIOD  FOR  A  GIVEN  FLOW 

3  -  COMPUTE  A  FLOW  FOR  A  GIVEN  RETURN  PERIOD 

4  -  GENERATE  A  FLOOD  FREQUENCY  PLOT 

5  -  EVALUATE  NEW  SET  OF  FLOWS 

6  -  END  PROGRAM  RUN 
?  2 

ENTER  DESIRED  FLOW  VALUE 

?  1199 

PROBABILITY  THAT   1199   CFS  WILL  NOT  BE  EXCEEDED  =     .9900085 

RETURN  PERIOD  FOR   1199   CFS  =     100.0853   YEARS 

SELECT  ONE  FROM  MENU  BELOW: 

1  -  EDIT  FLOWS 

2  -  COMPUTE  RETURN  PERIOD  FOR  A  GIVEN  FLOW 

3  -  COMPUTE  A  FLOW  FOR  A  GIVEN  RETURN  PERIOD 

4  -  GENERATE  A  FLOOD  FREQUENCY  PLOT 

5  -  EVALUATE  NEW  SET  OF  FLOWS 

6  -  END  PROGRAM  RUN 
?  2 

ENTER  DESIRED  FLOW  VALUE 

?  1500 

PROBABILITY  THAT   1500   CFS  WILL  NOT  BE  EXCEEDED  -     .9958601 

RETURN  PERIOD  FOR   1500   CFS  =     241-5543   YEARS 

SELECT  ONE  FROM  MENU  BELOW: 

1  -  EDIT  FLOWS 

2  -  COMPUTE  RETURN  PERIOD  FOR  A  GIVEN  FLOW 

3  -  COMPUTE  A  FLOW  FOR  A  GIVEN  RETURN  PERIOD 

4  -  GENERATE  A  FLOOD  FREQUENCY  PLOT 

5  -  EVALUATE  NEW  SET  OF  FLOWS 

6  -  END  PROGRAM  RUN 
?  3 

OBTAIN  K  VALUE  FROM  TABLE  1  USING  SKEW  =    -.20 12941  AND 
DESIRED  RETURN  PERIOD  (OR  PROBABILITY). 

ENTER  K  VALUE 
?  1.680 

FLOW  =     784.2545   CFS 
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SELECT  ONE  FROM  MENU  BELOW: 

1  -  EDIT  FLOWS 

2  -  COMPUTE  RETURN  PERIOD  FOR  A  GIVEN  FLOW 

3  -  COMPUTE  A  FLOW  FOR  A  GIVEN  RETURN  PERIOD 

4  -  GENERATE  A  FLOOD  FREQUENCY  PLOT 

5  -  EVALUATE  NEW  SET  OF  FLOWS 

6  -  END  PROGRAM  RUN 
?  3 

OBTAIN  K  VALUE  FROM  TABLE  1  USING  SKEW  =    -.2012941  AND 
DESIRED  RETURN  PERIOD  (OR  PROBABILITY). 

ENTER  K  VALUE 
?  2. 178 

FLOW  =     1199.296   CFS 

SELECT  ONE  FROM  MENU  BELOW: 

1  -  EDIT  FLOWS 

2  -  COMPUTE  RETURN  PERIOD  FOR  A  GIVEN  FLOW 

3  -  COMPUTE  A  FLOW  FOR  A  GIVEN  RETURN  PERIOD 

4  -  GENERATE  A  FLOOD  FREQUENCY  PLOT 

5  -  EVALUATE  NEW  SET  OF  FLOWS 

6  -  END  PROGRAM  RUN 
?  4 

THIS  WILL  TAKE  SOME  TIME 
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FLOW  (CFS) 


600         t 


400  ♦ 


200        ♦ 


0       +- 

0 


DONKEY  CREEK 


10 


20 
RETURN  PERIOD  (YEARS) 


3    -    10 


% 
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SELECT  ONE  FROM  MENU  BELOW: 

i  -  EDIT  FLOWS 

2  -  COMPUTE  RETURN  PERIOD  FOR  A  GIVEN  FLOW 

3  -  COMPUTE  A  FLOW  FOR  A  GIVEN  RETURN  PERIOD 

4  -  GENERATE  A  FLOOD  FREQUENCY  PLOT 

5  -  EVALUATE  NEW  SET  OF  FLOWS 

6  -  END  PROGRAM  RUN 
?  6 

DO  YOU  WISH  TO  SAVE  ENTERED  FLOWS  IN  A  DISK  FILE  ?  (Y  OR  N) 
?  Y 

ENTER  NAME  OF  OUTPUT  FILE  (8  CHARACTERS  OR  LESS) 
?  DONCRK 


ready 
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4.  UNIVERSAL  SOIL  LOSS  EQUATION 

I  ^_  I_nt  r  oduct  i  on 

This  program  generally  follows  the  procedure  described  in 
Predicting  Rainfall  Erosion  Losses  -  Q  Guide  to  Conservation 
Planning,  USD  fit  Agriculture  Handbook  Ho.  537(h).  The  objective  of 
this   program  is  to  calculate  average  erosion  from  an  a.rea.  The 

equation  on  which  the  program  is  based  was  designed  to  predict 
long— term  soil  losses  from  sheet  and  rill  erosion  on  given  field 
slopes  under  specified  land  use  and  management.  The  program 
uses,  as  does  the  original  equation,  factors  related  to  climate, 
soil,  topography,  and  crop  management.  It  is  not  intended  here 
to  provide  a  detailed  discussion  of  the  equation.  Several  good, 
readily  obtainable  references  are  mentioned  in  the  following 
discussion  and  included  in  the  list  of  references. 

lii_Program_Theor^ 

The  Universal  Soil  Loss  Equation  (USLE)  is  an  empirically 
developed  formula  used  to  estimate  soil  loss  on  agricultural 
lands.  Although  it  was  developed  for  eastern  crop  lands,  it  is 
potentially  a  useful  tool  for  predicting  erosion  under  a  variety 
erf  land  uses. 

The  USLE  only  accounts  for  sheet  and  rill  erosion.  No 
erosion  from  gullying  is  considered.  In  the  western  U.S.  gully 
erosion  is  often  the  principal  source  of  sediment.  Thus,  the 
USLE   may  not  represent  a  comprehensive  total  of  all  erosion  from 

an  area. 

The  USLE  only  considers  average  erosion,  not  the  sediment 
delivery  ration  to  a  stream  channel.  When  applying  the  USLE  to 
estimate  sediment  impacts  on  surface  water  quality,  the  total 
erosion  computed  by  the  USLE  must  be  adjusted  with  the 
appropriate  sediment  delivery  ratio. 

The  USLE  is: 

USLE  =  (R)  (K)  (LS)  (C)  (P)  C4-13 


where. 


• 


R  =  the  rainfall  factor,  is  the  number  of  erosion 
index  units  in  a  normal  year's  rain;  the  erosion 
index  is  a  measure  of  the  erosive  force  of 
specific  rainfall, 

K  =  the  soil  erodibility  factor.  is  the  erosion  rate 
per  unit  of  erosion  index  for  a  specific  soil  and 
a  standard  set  of  conditions, 

LS  =  the  slope  length  and  topographic  factor, 
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C  =  crop  management  factor  is  the  ratio  of  soil  loss 
from  a  field  with  a  specified  crop  management  to 
a  fallow  soil,  and 

P  =  erosion  control  practice  factor,   is  the  ratio  of 

soil   loss,    under   specified   erosion  control 

practices,   to  a  soil  plowed  in  straight  furrows 
up  and  down  the  slope. 

When   working  with  the  USLE,   special  attention  must  be  paid 

to   the  R  -factor  which  is  a  measurement  of  the  kinetic  energy   of 

expected   rainstorms   for  a  specific  geographical   area.    The   R 

value   for  a  given  locality  in  the  Western  U.S.   can  be  found   on 
figure  1  of  Prel  imnary    Guidance    for    Estimating    Erosion    on       Areas 

Disturbed    by    Surface    Mining  in    the    Interior    Western    United    States 
(2). 

The  R  factor  for  the  western  U.S.  can  also  be  estimated  from 
the  2-year,  6-hour  rainfall  by  using  the  equation  (2): 

R  =  27.38  P ■-'•■  '  '  C4-23 

where, 

R  =  rainfall  factor  in  USLE,  and 

P  =  inches  of  rainfall  in  the  2— year,  6— hour  storm. 

The  2-year,  6-hour  storm  can  be  found  in  the  appropriate 
volume  (one  volume  for  each  state)  of  NOAA  Atlas  2,  Precipitation 
Frequency    Atlas    of    the    Western    United    States     (3). 

The  R  factor  does  not  consider  erosion  caused  by  snowmelt 
runoff.  Limited  data  suggests  that  R  for  the  period  of  snowmelt 
can  be  estimated  as  1.5  times  the  local  December-March 
precipitation,  in  inches  of  water.  This  number  is  then  added  to 
the  R  computed  for  rainfall  to  give  the  total  yearly  R  values. 

R  factors  can  also  be  estimated  for  part  of  the  year.  The 
monthly  distribution  of  R  is  known  for  several  locations  in  the 
western  U.S.  Table  7  of  Predicting  Rainfall  Erosion  Losses  (6) 
shows  the  monthly  distribution  of  R  at  selected  western 
locations. 

Some  soils  erode  more  readily  than  others  and  this 
characteristic  is  accounted  for  in  the  USLE  by  the  K  factor. 
Appendix  A  o+  Prel  zwmary  Guidance  for  Estimating  Erosion  on 
Areas  Disturbed  by  Surface  Mining  Activities  in  the  Interior 
Western  United  States  (2)  gives  K  factors  for  all  established 
soil  series  in  the  western  U.S.  The  K  factor  can  also  be 
estimated  with  the  following  equation  (6): 

K  =  (2.1  x  lO  •>  (M1  A  'M12-a>  +  .0325(b-2)  +  .025(c-3)       C4-3J 

where. 
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M  -  particle   size   parameter,   defined   as   E(X  silt  +  very 

tine  sand)  >:  (lOO  -»  /.  clay)  J, 
a    —    "A    organic  matter  , 
b  -  soil  structure  code,  and 
c  =  per  me-jo  i  1  i  ty  c  I  ass . 

W!jen_b_i_s:  Structure_is: 

1  very  fine  granular 

2  fine  granular 

3  medium  or  coarse  granular 

4  blocky,  platy,  or  nsassive 


When_c_i_s:  Permeabiulity_is: 

1  rapid 

2  moderate  to  rapid 

3  moderate 

4  slow  to  moderate 

5  si  ow 

6  very  slow 

This  equation  is  only  accurate    when: 

1)  V.    silt  plus  very  fine  sand  <  707.,  and 

2)  V.    organic  matter  <  47i. 

The  length  and  steepness  of  slopes  in  an  area  are  important 
determinants  of  the  rate  of  erosion.  The  LS  factor  in  the  USLE 
accounts  for  the  topographic  influence  of  relief  on  the  rate  of 
erosion.  For  uniform  slopes.  LS  is  determined  from  the  following 
equati  on  (6)  : 

LS  =  (  A/72.6)'"  ((65.41  *  sin  Q*    +     (4.56  *  sin  6)+  .065)    C4-43 

where, 

LS  =  slope  length  and  gradient  factor, 

A  =  length  of  slope  (ft), 

9  =  angle  of  slope  -  rise/run,  and 

m  =  0.5  if  slope  >  or  =  5.0"/., 

0.4  if  slope  >  or  =  3.5%  and  <  5. OX, 
0.3  if  slope  >  or  =  1.07.    and  <  3.57.,  or 
0.2  if  slope  <  1.0%. 

This  equation  is  solved  by  assuming: 

6  =  tan  6  =  sin  8  . 

This  is  true  for  small  6  .  At  a  slope  of  as  much  as  20 
percent,  the  error  in  the  calculated  LS  factor  is  about  three 
percent . 
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For  irregular  slopes  (where  8  changes),  the  LS  factor  can 
be  computed  by  first  dividing  the  slope  into  equal  length 
segments  of  constant  slope.  The  LS  factor  for  each  segment  is 
then  computed.    The  following  equation  is  used  to  adjust  the   LS 

factor  of  each  segment: 

!<«•♦  x    _  (I_j  ),„,  % 
...    = C4-53 


N' 


•  i. 


where, 


x  =  segment  adjustment  factor, 

I  =  segment  sequence  number  (segment  number  1  is 

always  at  the  top  of  the  slope), 
N  =  number  of  segments,  and 
m  =  0.5  if  slope  >  or  =  5.0"/., 

0.4  if  slope  >  or  =  3.57.  and  <  5.  OX, 

0.3    if    slope    >    or    =    1.051    and    <    3. 52,    or 

0.2    if    slope    <     1.0*1. 

The  adjusted  segment  LS  factors  are  then  summed  to  give  the 
total  LS  factor  for  the  slope. 

The  C  factor  is  the  ratio  of  soil  loss  cropped  under 
specified  conditions  to  the  corresponding  loss  from  clean-tilled 
fallow  soil.  Numerous  references  are  available  to  help  estimate 
the  cropping  factor.  See  Tables  2,  3,  4,  and  5  in  Prel iminary 
Guidance  for  Estimating  Erosion  on  Areas  Disturbed  by  Surface 
Mining  Activities  in  the  Interior  Mestern  United  States  (2), 
Tables  2,  3,  and  4  in  Procedure  for  Computing  Sheet  and  Rill 
Erosion  on  Project  Areas .  OSDA-SCS  Technical  Release  No.  51  (J.) , 
and  Tables  5,  8,  9,  10,  11,  and  12  in  Predicting  Rainfall  Erosion 
Losses  -  A  Guide  to  Conservation  Planning,  (6).  Table  10  from  the 
later  is  reproduced  below  as  Table  4—1  and  is  recommended  as  a 
source  for  C  values. 


user    Reference    Guide:  HYDROLOGIC    DESIGN    &    ANALYSIS    PROGRAMS 


TABLE  4-1.-  Factor  C  for  permanent  pasture,  range,  and  idle  land  (6)1. 


'E6E;£;I  E  CANOPV  COVER  THAI  CONTACTS  THE  SOIL  SURFACE 


Type  and  Percent  P?C!Lf!>L§C2UQd_Q2Y-?C 

Height2  Cover3         f-,pe4  0  20  40  60  80  95+ 

No  appreciable 

canop'i , 

Fall  weeds  or       25 
short  brush 
«ith  average 
drop  tall  height   50 
of  20  in, 


Appreciable  brush    25 
or  bushes,  with 
average  drop  fall 
height  of  b.5  ft.   50 


Trees,  hut  no       25 
appreciable  low 
brush,  Average 
drop  tal!  height   50 
of  13  ft. 

75 


6 

0.45 

0.20 

0.10 

0.042 

0.013 

0.003 

H 

.45 

.24 

.15 

.091 

.043 

.011 

6 

.36 

.17 

.09 

.036 

.013 

.003 

H 

.36 

.20 

.13 

.083 

.041 

.011 

6 

.26 

.13 

.07 

.035 

.012 

.003 

N 

.26 

.16 

.11 

.076 

.039 

.011 

S 

.17 

.10 

.06 

.032 

.011 

.003 

M 

.17 

.12 

.09 

.068 

.038 

.011 

G 

.40 

.18 

.09 

.040 

.013 

.003 

H 

.40 

.22 

.14 

.087 

.042 

.011 

6 

.34 

.16 

.08 

.038 

.012 

.003 

H 

.34 

.19 

.13 

.082 

.041 

.011 

6 

.28 

.14 

.08 

.036 

.012 

.003 

H 

.28 

.17 

.12 

.078 

.040 

.011 

6 

.42 

.19 

.10 

.041 

.013 

.003 

U 

.42 

.23 

.14 

.089 

.042 

.011 

6 

.39 

.18 

.09 

.040 

.013 

.003 

H 

.39 

.21 

.14 

.087 

.042 

.011 

6 

.36 

.17 

.09 

.039 

.012 

.003 

N 

.36 

.20 

.13 

.084 

.04! 

.011 

1  The  listed  C  values  assuae  that  the  vegetation  and  iulch  are  randosly  distributed  over  the  entire 
area. 

2  Canopy  height  is  aeasured  as  the  average  fall  height  of  water  drops  falling  froa  the  canopy  to  the 
ground.  Canopy  effect  is  inversely  proportional  to  drop  fall  height  and  is  negligible  if  fall  height 
exceeds  33  ft. 

3  Portion  of  total-area  surface  that  wculd  be  hidden  frot  yie»  by  canopy  in  a  vertical  projection  (a 
bird's-eye  view). 

4  G:  cover  at  surface  is  grass,  qrasslike  plants,  decaying  cotpacted  duff,  or  litter  at  least  2  in. 

deep. 
W:  cover  at  surface  is  nostly  broadleaf  herbaceous  plants  (as  weeds  with  little  lateral-root  network 
near  the  surface)  or  undecayed  residues  or  both. 
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The  P  Factor  measures  the  influence  ot  various  erosion 
control  practices  such  as  contour  plowing  and  cultivated  strips 
along  the  contour,  or  >  soil  loss.  For  areas  without  these 
factors,  (bare  soil,  r angel  and,  reclaimed  land)  set  P  =  l.O. 
Table  6  of  Prel  iminary  Guidance  for  Estimating  Erosion  on  Areas 
Disturbed  by  Surface  Mining  Activities  in  the  Interior  Western 
United    States,      (2)  shows  appropriate  P  values. 

Terracing  does  not  impact  the  P  factor  in  the  USLE. 
Terracing  is  accounted  for  in  the  LS  factor  by  a  reduction  in 
slope  length  (L  is  the  length  of  a  single  terrace). 

I  Iii_Program_Op.eratlgn_/_Ljumitatigns 

The  USLE  is  an  erosion  model  designed  to  compute  longtime 
average  soil  losses  from  sheet  and  rill  erosion  under  specified 
conditions.  It  is  also  useful  for  construction  sites  and  other 
non-agricultural  conditions,  but  it  does  not  predict  deposition 
and  does  not  compute  sediment  yields  from  gully,  streambank,  and 
streambed  erosion  (6).  The  accuracy  of  the  estimates  resulting 
from  the  use  of  the  USLE  are  dependent  upon  the  accuracy  of  the 
estimates  made  for  the  various  factors  contained  in  the  model.  An 
excellent  starting  point  for  a  discussion  of  significant 
limitations  in  the  available  data  for  each  of  the  factors  is  USDA 
Agriculture  Handbook  537  entitled,  Predicting  Rainfall  Erosion 
Losses    -    A    Guide    to    Conservation    Planning (6). 

The  program  allows  soil  losses  to  be  computed  for  a  single 
basin  or  to  be  cummulated  for  a  series  of  basins.  There  is  no 
practical  limit  to  the  number  of  basins  which  can  assessed  in  a 
given  run.  The  program  also  allows  a  sediment  delivery  ratio  to 
be  applied  to  the  calculated  soil  losses  in  order  to  estimate  the 
amount  of  sediment  actually  being  delivered  to  the  stream 
channel.  The  sediment  delivery  ratio  applied  is,  of  course, 
dependent  upon  the  user's  knowledge  of  the  basin  or  basins  being 
anal yzed. 

The  program  is  totally  menu  driven  and  input  of  the 
necessary  data  is  throughly  prompted  as  the  program  is  run.  Care 
should  be  taken  that  the  desired  values  have  been  typed  at  the 
keyboard  for  each  factor  before  the  value  is  entered  into  the 
program  by  hitting  the  return  key.  This  will  save  having  to  re- 
enter all  values  for  a  given  run  and  will  maintain  the  accuracy 
of  the  cummulative  soil  loss  result.  A  complete  listing  of  the 
variables  used  in  the  program  as  well  as  comments  describing  its 
operation  can  be  found  in  the  source  code. 
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IV; ExamBl_e_Prgbl.effl 

This  example  uses  information  from  a  Mine  Permit  Application 
for  the  Rawhide  coal  mine  in  Wyoming's  Powder  River  Basin.  The 
objective  is  to  estimate  the  average  annual  erosion  rate  from  a 
disturbed  area  near  the  mine  in  order  to  help  in  determining  the 
required  storage  capacity  for  the  Rawhide  Mine  Main  Reservoir. 
The  following  information  was  supplied  in  the  permit  application: 


R 

= 

50.0 

K 

= 

0.31 

Lo 

= 

1750. O  ft 

So 

= 

7.57. 

C 

= 

0.45 

P 

= 

1.0 

Disturbed  Area 

= 

5.01  acres 

*BRN  A403/USLE,  R 

This  program  generally  follows  the  procedure  described  in  'Predicting 
Rainfall  Erosion  Losses  —  A  Guide  to  Conservation  Planning*,  USDA, 
Agriculture  Handbook  No.  537,  1978. 

The  program  uses  the  Universal  Soil  Loss  Equation  (USLE)  to  estimate 
soil  loss  from  a  given  acreage  of  land.  The  USLE  is  an  empirically 
developed  formula  intended  to  estimate  soil  loss  on  agricultural  lands. 
The  USLE  only  accounts  for  sheet  and  rill  erosion.  No  erosion  from 
gullying  is  considered.  In  the  western  U.S.,  gully  erosion  is  often  the 
principal  source  of  sediment.  Thus,  the  USLE  may  not  represent  a  comp- 
rehensive total  of  erosion  from  an  Area,  in  the  western  U.S.  The  USLE 
only  considers  average  erosion,  not  the  sediment  delivery  ratio  to  a 
stream  channel.  When  applying  the  USLE  to  estimate  sediment  impacts  on 
surface  water  quality,  the  total  erosion  computed  by  the  USLE  must  be 
adjusted  with  the  appropriate  sediment  delivery  ratio.  This  pro- 
gram allows  the  option  of  a  sediment  delivery  ratio  to  be  input  after 
the  amount  of  average  soil  erosion  has  been  calculated.  To  continue 
the  program  run,  select  *  1  *  from  the  following  menu: 

1  -  COMPUTE  A  SOIL  LOSS  ESTIMATE  FOR  A  NEW  BASIN  OR  GROUP  OF  BASINS 

2  -  COMPUTE  A  SOIL  LOSS  ESTIMATE  TO  BE  ADDED  TO  PREVIOUS  ESTIMATE 

3  -  COMPUTE  SEDIMENT  YIELD 

4  -  END  PROGRAM  RUN 

?  1 

TITLE  FOR  THE  OUTPUT  FROM  THIS  RUN?  RAWHIDE  MAIN  RESERVOIR 
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The  USLE  accounts   for   soil  erosion  through  the  application  of  a  number 
of  factors.  The  form  of  the  equation  is: 

USLE  =  (R)  (K)  (LS)  (C)  (P) 

R  =  Rainfall  Factor 
K  =  Soil  Erodibility  Factor 
LS  =  Slope  Length  and  Topographic  Factor 
C  =  Crop  Management  Factor 
P  =  Erosion  Control  Practice  Factor 

R,  the  rainfall  factor,  is  the  number  of  erosion  index  units  in  a  normal 
vear ' s  rain.   The   erosion   index   is  a   measure  of  the  erosive  force  of 
specific  rainfall.  The  R  factor  measures  the  kinetic  energy  of   expected 
rainstorms  for  a  specific  geographical  areai.     The  R  factor  for  the  west- 
ern U.S.  can  be  estimated  from  the  2-year,  6-hour  rainfall.  Select  one 
from  the  following  list: 

1  -  ENTER  R  DIRECTLY 

2  -  COMPUTE  R  FROM  2- YEAR,  6-HOUR  STORM 


R?  50 

k  ,  the  soil  erodibility  factor,  is  the  erosion  rate  per  unit  of  erosion 
index  for  a  specific  soil  and  a  standard  set  of  conditions.  The  K 
factor  can  be  estimated  from  a  particle  size  parameter,  7.  organic  mat- 
ter, a  soil  structure  code,  and  a  permeability  class.  This  estimation 
is  only  accurate  when  less  than  707.  of  the  soil  is  made  up  of  silt  plus 
very  fine  sand  and  less  than  47.  is  made  up  of  organic  matter.  Select 
one  from  the  following  list: 

1  -  ENTER  K  DIRECTLY 

2  -  ESTIMATE  K  FROM  SOIL  CHARACTERISTICS 


K?  .31 

LS,  the  slope  length  and  topographic  factor,  accounts  for  the   influence 
of  topographic  relief  on  the  rate  of  erosion.  For  uniform  slopes  LS  is 
determined  from  the  length  of  slope,  the  angle  of  slope,  and  the 
category  of  slope.  For  irregular  slopes  (where  the  angle  of   slope  chan- 
ges), LS  can  be  computed  by  first  dividing  the  slope  into  equal  length 
segments  of  constant  slope  and  providing  the  same  set  of   parameters  for 
each  segment.  Slope  length  is  defined  as  the  length  from  the  point  of 
origin  of  overland  flow  to  a  point  of  sediment  deposition  or  a  confined 
channel,  whichever  is  shorter.  Therefore,  slope  length  may  not  always  be 
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the   distance  from  ridge  line  to  channel.   Select  one  from  the  following 
list: 

1  -  UNIFORM  SLOPE 

2  -  IRREGULAR  SLOPE 


LENGTH  OF  SLOPE  (FT)?  1750 

ANGLE  OF  SLOPE  (RISE /RUN  X  100)7  7.5 

C.  the  crop  management  -factor,  is  the  ratio  of   soil  loss   from  a  field 
with  a  specified   crop  management  to  soil  loss  from  a  field  with  fal- 
low soil.  A  recommended  source  for  C  values   is  Table  10  of  Agriculture 
Handbook  No.  537.  This  table  is   reproduced  in  the  user   guide  for  this 
program. 

C?  .45 

P,  the  erosion  control  practice  factor,  is  the  ratio  of  soil  loss  under 
specified  erosion  control  practices,  to   soil  loss   from  soil  plowed  in 
straight  furrows  up  and  down  the  slope.  For  areas  which  have  no  erosion 
control  practices  or  for   areas  which  are    not  plowed  (e.g.,  bare  soil, 
r angel  and,  reclaimed  land),  set  P  =  1.0. 

P?  l.O 

To  determine  total  tons  of  sediment  production  for  the  entirety  of 

the   basin   or  sub-basin   being   assessed,   input  the  area    of  the  basin 

or  sub-basin  in  acres. 


BASIN  ACRES' 


Ol 


RAWHIDE  MAIN  RESERVOIR 

RAINFALL  FACTOR  =  50.0000 

ERODIBILITY  FACTOR  =  .3100 
SLOPE  LENGTH  AND  TOPOGRAPHIC  FACTOR  =     3.8031 

CROP  MANAGEMENT  FACTOR  =  . 4500 

EROSION  CONTROL  PRACTICE  FACTOR  =  1 . 0000 

ACRES  IN  BASIN  OR  SUB-BASIN  =  5.0100 


RATE  OF  SOIL  LOSS  =  26.53 
TOTAL  SOIL  LOSS  =  132. 90 
CUMMULATIVE  SOIL  LOSS  FOR  ALL 


TONS/ACRE/YEAR 

TONS/ YEAR 

BASINS  ANALYZED  = 


132.90  TONS/ YEAR 
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1  -  COMPUTE  A  SOIL  LOSS  ESTIMATE  POR  A  NEW  BASIN  OR  GROUP  OF  BASINS 

2  -  COMPUTE  A  SOIL  LOSS  ESTIMATE  TO  BE  ADDED  TO  PREVIOUS  ESTIMATE 

3  -  COMPUTE  SEDIMENT  YIELD 

4  -  END  PROGRAM  RUN 


ready 

-*■ 

The  estimated  rate  of  erosion  loss  for  this  problem  is 
132.90  tons/year.  If  we  assume  a  unit  weight  for  the  material  of 
lOO  lbs/ft!:,  we  can  compute  the  following: 

132.90  tons  X  2000  lbs/ ton  =  265,800  lbs 

265,800  X  1  ft -VIOO  lbs  =  2658  f t - 

2658  ftJ:  X  1  acre  ft/43560  ft   =  .061  acre  ft 

The  Rawhide  Mine  Permit  Application  also  gives  a  value  of 
0.061   acre   ft. 
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5.  GREEN  AND  AMPT  INFILTRATION  ANALYSIS 


J.i_intrgductign 

The  Green  and  Ampt  (10)  model  is  widely  used  for  modeling 
infiltration  (4).  It  is  a  relatively  simple,  physically  based, 
two-parameter  infiltration  equation  which  can  be  derived  from  a 
direct  application  of  Darcy's  Law.  This  program  implements  a 
single— layer ,  homogeneous  soil  version  which  can  accept  a 
rainfall  hyetograph  as  input. 

XJLi__Prggram_Theory 

The  Green  and  Ampt  model  assumes  that  there  is  a  well 
defined  horizontal  boundry  or  wetting  front  which  divides  the 
upper  and  lower  portions  of  the  soil  column  under  consideration. 
In  the  upper  portion  the  soil  is  completely  saturated  from  the 
rainfall  on  the  surface.  Below  the  wetting  front  the  original 
characteristic  water  content  is  maintained  and  does  not  influence 
the  rate  of  saturation.  The  resulting  process  is  termed  piston 
flot*  and  the  hydraulic  parameters  can  be  derived  by  substituting 
the  gradient  into  the  Darcy  equation  for  saturated  flow. 

The  following  discussion  is  taken  from  Eggert,  et  al .  (8)  upon 
which  the  program  described  herein  is  based. 

A  Green— Ampt  type  equation  may  be  written  as: 

F              F       Kt 
ln(l  + )  = ,  C5-13 

a  a  a 

in   which   F   is   the  infiltrated   volume,   K   is   the   hydraulic 
conductivity  of  the  soil  in  the  wetted  zone,  t  is  the  time,  and 
is  the  potential  head  parameter  defined  as: 

O  =  (  0W  -  8.  >  iy~~«,  C5-23 

in  0^  is  the  moisture  content  of  the  soil  after  wetting,  0±  is 
the  antecedent  moisture  content,  and  U^«,v»  is  the  average  suction 
head  across  the  wetting  front. 

If  at  any  time,   t,   the  infiltrated  volume  is  F(t),  then  at 
some  later  time  t  +  At: 

F(t  +  At)  =  F(t)  +  AF  C5-33 

in  which  AF  is  the  change  in  infiltrated  volume  which  occurred 
during  the  time  increment,  At.  An  expression  for  AF  is 
obtained  from  Equation  5—3: 

AF   =  F(t  +  At)  -  F(t)  C5-43 
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Li  et  al .  (8)  developed   the  following  method  of  solving  for 
the  infiltration  rate.  Their  derivation  yields: 


Af 
g 


In 


o+     F(t)  +  Af 
a  +   F(t> 


= At 

a 
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Equation  5-5  is  implicit  with  respect  to  AF.  However,  the 
equation  is  simplified  by  expanding  the  logarithmic  term  in  a 
power  series  (8): 


AF 

ln(l  + )  =  In  1  + 

a  +   f 


2  + 


2  Af 
a  +  f 

AF 

a  +  f 
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Truncating    Equation    5-6   after   the   second    term    and 
substituting  into  Equation  5—5,  one  obtains: 


Af 


-  2 


2  + 


Af 

O  +   F 

Af 
a  +  f 


K 


At 
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Equation   5-7  is  simplified  into  a  quadratic  whose   solution 
is  (8): 


Af  = 


(2F  -  K  At)  = 

2 


C  (2F  -  K  At)=  +  8K  At(  0+    F)]1'2 

2 


E5-8II 


where  AF  is  the  change  in  infiltrated  volume  during  time  step  t 
to  t  +  At.  The  average  infiltration  rate,  f«v«,  is  obtained  by 
dividing  AF  by  At,  or: 


Af 
At 


C5-93 


and   compared  to  the  current  rainfall  rate  as  entered  by  the  user 
in  the  form  of  a  hyetograph. 


5  - 


> 
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Based  on  the  outcome  o-f  the  comparison,  the  in-filtrated 
volume  is  updated  for  the  next  time  step  by  the  potential 
calculated  value  if  the  rainfall  rate,  r,  is  greater  than  the 
average  potential  rainfall  rate  or  by: 

AF  =  r  At  ,  C5-10D 

if  r  <  f.„^«, .  In  the  former  case,  a  rainfall  excess  intensity  will 
exist  during  that  At;  the  excess  is  given  by: 

e    r    t  ,« s^  m?  ■ 

In  the  later  case  e  =  O.  The  program  continues  in  this  manner 
until  the  end  of  the  storm  thereby  supplying  the  user  with  an 
excess   rainfall  rate  histogram  presented  in  tabular  format. 


IXIi_Prggram  Qper at lgn_/ limitations 

A  number  of  methods  for  estimating  the  parameter  values  for 
the  Green  and  Ampt  model  can  be  found  in  the  literature.  Average 
parameter  values  have  been  published  for  agricultural  soils  (15). 
Other  methods  applicable  to  other  types  soils  are  described  in 
the  references  listed  herein. 

The  program  is  applicable  to  homogeneous  soil  situations 
(i.e.,  single  layer  versus  multilayer  soils)  and  is  limited  to 
300  rainfall  increments  in  the  hyetograph  of  a  given  problem. 
This  limit  should  be  more  than  adeguate  for  all  practical 
purposes  but  can  be  changed  by  adjusting  the  DIM  statements  for 
the  appropriate  variables  in  the  source  code.  The  program  is 
completely  menu-driven  and  prompts  the  user  for  all  necessary 
input.  A  rainfall  hyetograph  may  be  input  from  a  previously 
generated  data  file.  A  plot  of  time  versus  infiltration  rate  can 
be  generated  at  the  option  of  the  user.  A  list  of  variables  used 
in  the  program  and  comments  explaining  how  the  program  works  can 
be  found  in  the  source  code. 


J_Vi_Exampie_Prgbiem 

A  flood  control  dam  is  planned  for  a  portion  of  the  Donkey 
Creek  Basin.  In  order  to  size  the  structure  properly  the 
magnitude  of  expected  flood  events  must  be  estimated.  One  event 
of  interest  is  the  2— year,  6— hour  storm  for  which  the  expected 
rainfall  increments  are: 
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Time  (min)  Intensity  (in/hr) 


30  1 . 86 

60  1.116 

90  . 55S 

120  .432 

150  .432 

180  .312 

210  .312 

240  . 246 

270  . 246 

300  . 246 

330  . 246 

360  . 1S6 

In  order  to  derive  a  runo-ff  hydrograph,  the  excess  intensity 
for  each  of  these  hyetograph  increments  must  be  estimated.  Values 
of  .16  inches  for  average  suction  head  and  .3498  inches/hour  for 
conductivity  in  the  wetted  zone  are  used  for  input  to  the  Green- 
Ampt  program. 


*BRN  A403/ GREEN,  R 

This  program  uses  the  Green  -  Ampt  infiltration  equation  to  compute 
incremental  and  cumulative  excess  rainfall  and  infiltration  volume. 
The  program  implements  the  homogeneous  soil  version  for  time  varying 
rainfall  as  represented  by  a  hyetograph.  Required  input  includes  the 
average  suction  head  and  the  conductivity  in  the  wetted  zone.  The  rain- 
fall intensity  hyetograph  may  be  input  from  the  keyboard  or  from  a 
previously  generated  data  file. 

SELECT  ONE: 

1  -  BEGIN  A  NEW  INFILTRATION  ANALYSIS 

2  -  END  PROGRAM  RUN 

?  1 

TITLE  FOR  OUTPUT?  DONKEY  CREEK  BASIN 

WHAT  IS  THE  AVERAGE  SUCTION  HEAD  (IN>?  .16 

WHAT  IS  THE  HYDRAULIC  CONDUCTIVITY  IN  WETTED  ZONE  (IN/HR)?  .3498 

HOW  MANY  RAINFALL  INCREMENTS  ARE  IN  HYETOGRAPH?  12 

DO  YOU  WISH  TO  INPUT  THE  HYETOGRAPH  FROM  THE  KEYBOARD  OR  FROM 
A  PREVIOUSLY  GENERATED  DATA  FILE  (1  OR  2)  ? 

1  -  KEYBOARD 

2  -  FILE 

?  1 
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ENTER  TIME  (MIN)  AND  RAINFALL  INTENSITY  (IN/HR)  FOR  EACH  INCREMENT 
(One  increment  per  line  with  time  ?-<  rain-fall  separated  by  comma) 


INCREMENT 

NO. 

1 

'-y 

30,  1 

.86 

INCREMENT 

NO. 

2 

*} 

60,  1 

.  116 

INCREMENT 

NO. 

3 

*-? 

90,  . 

558 

INCREMENT 

NO. 

4 

O 

120, 

.432 

INCREMENT 

NO. 

5 

7 

1 50 , 

.432 

INCREMENT 

NO. 

6 

*n 

180, 

.312 

INCREMENT 

NO. 

-j 

•-> 

2 1 0 . 

.312 

INCREMENT 

NO  = 

8 

•~y 

240 , 

.246 

INCREMENT 

NO. 

<? 

■-> 

270, 

.  246 

I NCREMENT 

NO. 

10 

*-y 

300, 

=  246 

INCREMENT 

NO. 

11 

•y 

— ■  — "  -'  5 

.  246 

INCREMENT 

NO. 

1  *? 

■-> 

360, 

.  186 

DONKEY  CREEK  BASIN 


Averaae  Suction  Head 


.  16  i  nches 


Conductivity  in  the  Wetted  Zone: 


.3498  in/hr 


Storm 

Excess 

Rate  of 

Time 

Intensi  ty 

Intensity 

Inf i ltration 

(min) 

(in/hr) 

(in/hr) 

(in/hr) 

30 

1.860 

1.  181 

.679 

60 

1.  116 

.644 

.472 

90 

.558 

.  126 

.432 

120 

.432 

.020 

.412 

150 

.432 

.031 

.401 

180 

.312 

.  OOO 

.312 

210 

.312 

.000 

.312 

240 

.246 

.  OOO 

.246 

270 

.246 

.  OOO 

.246 

300 

.246 

.OOO 

.246 

330 

.246 

.OOO 

.246 

360 

.  186 

.  000 

.  186 

Total  Infiltrated  Volume:    2.095115  inches 


DO  YOU  WISH  TO  PLOT  INFILTRATION  RATE  VERSUS  TIME  (Y  OR  N) 
?  Y 
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DONKEY  CREEK  BASIN 
INFILTRATION  RATE  (IN/HR) 


.6     t 


t 

* 


*  * 


*  *  #  t 


,2    + 

t + * + 

0  200  400 

TINE  (HIN) 
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SELECT  ONE: 

1  -  BEGIN  A  NEW  INFILTRATION  ANALYSIS 

2  -  END  PROGRAM  RUN 


7   2 

ready 
* 
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6.  SEDIMENT  TRANSPORT  ANALYSIS 


Introduction 


This  program  uses  the  Meyer -Peter,  Muller  equation  (4)  to 
compute  the  bedload  transport  rate  for  a  given  sediment  size 
range.  The  program  also  computes  the  suspended  sediment 
transport  rate  using  a  numerical  integration  of  an  approach 
developed  by  Einstein.  Program  output  includes  bedload  and 
suspended  load  for  each  size  range  input  as  well  as  the  total 
transport  rate  for  all  size  ranges  input  (for  a  given  rate  of 
flow).  Required  input  includes  the  Dar cy— Wei sbach  friction 
factor,  kinematic  viscosity,  the  flow  velocity,  the  width  of 
flow,  channel  slope,  and  depth  of  flow. 


JLJ.i_Prggram_Thegry 

The   following   discussion  is  taken  from   Eggert,  et  al .  (2) 
upon  which  the  program  described  herein  is  based. 


ft 


The  Meyer— Peter,  Muller  equation  is  a  simple  and  commonly 
used  bed  load  transport  equation  (6)  which  has  the  following 
form: 


qio   = 


where, 


<   Te  -   Tc) 1-s, 


12.85 

P   Y* 
Tc:  =    e»  <   5  s  —  6>ds,  and 


C6-1J 


C6-2D 


Te  = pfoV^, 

8 


C6-33 


In  equations  6-1,  6—2,  and  6—3,  qt>  is  the  bed  load  transport  rate 
in  cubic  ft  per  second  per  ft  of  stream  width,  tc  is  the  critical 
tractive  force,  t&_  is  the  boundry  shear  stress  acting  on  the 
grain,  is  the  density  of  water,  Te  is  the  specific  weight  of 
the  sediment,  T  is  the  specific  weight  of  water,  do  is  the  size 
of  the  sediment  fraction  being  analyzed,  6«a  is  a  constant 
dependent  upon  flow  conditions,  fo  is  the  Darcy  Weisbach  friction 
factor,  and  V  is  the  mean  flow  velocity  obtained  by  dividing  the 
discharge  by  the  cross  sectional  area  of  the  flow  (Q/A)  .  6es  is 
assumed  by  the  program  to  be  0.047  (2). 

The  sediment  concentration  profile  which  relates  the 
sediment  concentration  with  depth  above  the  bed  (3)  can  be 
written  as: 


i 


R-S 


E6-4D 


R-a* 
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in  which  C    is  the  sediment  concentration  at  a  distance  a*  from 
the  bed,  C^  is  the  known  concentration  at  a  distance  a'  above  the 
bed,  and  W  is  a  parameter  de-fined  as: 


W  = 


Vs 
kU, 
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In  Equation  6—5,  V(3  is  the  settling  velocity  of  the  sediment 
particles,  k  is  the  Karman  constant  (assumed  0.4),  and  U»  is  the 
shear  velocity  of  the  flow  defined  as: 


U»  = 


P 


C6-63 


Note  that, 


T»  = f  p  V: 

8 


C6-73 


where  f  is  the  overall  Darcy— Weisbach  resistance  factor. 

A  logarithmic  velocity  profile  is  commonly  adopted  to 
describe  velocity  distribution  in  turbulent  flows.  A  useful 
equation  is: 


B  +  2.5  In 


I 


C6-83 


in   which  Uj   is  the  point  mean  velocity  at  the   distance 


i 


from 
the  bed,  B^is  a  constant  dependent  on  roughness,  and  s  is  the 
roughness  height. 


The   integral   of  suspended  load  above  the  a'  level   in   the 
flow  is  obtained  by  combining  Equations  6-4  and  6-8: 


c  R 

q,3  -J    u^  C^d* 


R 


C«U» 


B  +  2.5  In 


1 

n, 


a' 
R-a: 


dl 


C6-93 


Let 


a   =  — 

R 


C6-103 


and 
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a' 

G  = . 

R 

The  equation  becomes, 


C6-113 


qs,  =  C«U» 


B  +  2.5  In 


'   I 


\ 


G  -  1 


dl    .  C6-123 


According  to  Einstein  (3),  the  concentration  near  the  "bed 
layer"  Cft  is  related  to  the  bed  load  transport  rate  qt,  by  the 
expression: 


qto  =  11.6  C«LUa' 


C6-133 


in  which  a"  is  defined  as  the  thickness  of  the  bed  layer  which  is 
twice  the  size  of  the  sediment,  or  2da. 


The  average  flow  velocity  V  is  defined  by  the  equation 

R 
O 

R 


uf      d£ 


V   = 


C 6-143 


/ 


d* 


=    B    +    2.5    In 


R 

n" 


-    2.5 


Using    Equation    6—8    yields, 

V 

u» 

Einstein  < !>  ,  defined  the  two  integrals  in  Equation  6—12  as, 

1-  a 
a 


C6-153 


\ 


da 


C6-163 


and, 


■-r 

J    G 


i-a 
a 


ina    da 


C6-173 


The  integrals  It  and  Iss  cannot  be  integrated  in  closed  form 
for  most  values  of  W  so  a  numerical  integration  is  necessary.  A 
efficient  numerical  method  of  determining  I)  and  I=  was  developed 
by  Li  (2) . 
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The  substitution  of  Equations  6—13,  6—14,  6—15,  6—16,  and  6— 
17  into  Equation  6-12  yields: 


qt, 


q«B  = 


11.6 


M 


rl 


L 


v 


Ix  +  2.5  la 


LU 


.  C6-18D 


The  total  load  per  unit  width  of  the  channel  is: 
q-r  =  qfc,  +  qs. 


C6-19D 


Iiii_ECQ9C#Q>_QB5C^ti_ons_/_Limltations 


Applied   to   stable  water  courses   the   Meyer 
formula   gives  satisfactory  estimates  of  sediment 
when   the   slope   becomes  larger  than  O.OO   there 
differences   between  computed  and  observed  values, 
of   this   formula   is   also  influenced  by  the   siz 
material.   It  gives  satisfactory  results  for  fine 
bed  channels.   However,   significant  discrpancies 
estimating   sediment   discharge  in  coarse  bed   mat 
(5)  . 


-Peter,  Muller 
transport.  But 
may  be  large 
The  precision 
e  of  the  bed 
and  medium  sand 
may  occur  when 
erial   channels 


The  program  allows  as  many  sediment  size  ranges  as  desired 
to  be  run  for  any  given  analysis.  It  ccmpletly  menu  driven  and 
prompts  the  user  for  all  necessary  input.  Output  is  in  a  tabular 
format.  A  complete  listing  of  the  variables  used  in  the  program 
as  well  as  comments  describing  its  operation  can  be  found  in  the 
source  code. 


IVi_E^amBl_e_Prob]Lem 

Due  to  the  presence  of  a  large  surface  mine,  the  main 
channel  of  Rawhide  Creek  is  to  be  temporarily  routed  through  a 
diversion  excavated  in  a  silty-sandy  aeolian  deposit.  It  is 
desired  to  estimate  the  bedload  transport  rate  of  this  material 
at  the  expected  mean  flow  in  order  to  help  determine  the 
stability  of  the  channel. 


*BRN  A403/MPM,  R 

This  program  uses  the  Meyer -Peter,  Muller  equation  to  compute 
the  bedload  transport  rate  for  a  given  sediment  size  range. 
The  program  also  computes  the  suspended  sediment  transport 
rate  using  a  numerical  integration  of  an  approach  developed 
by  Einstein.  Program  output  includes  bedload  and  suspended 
load  for  each  size  range  input  as  well  as  the  total  transport 
rate  for  all  size  ranges  input  (for  a  given  rate  of  flow). 
Required  input  includes  the  Darcy— Wei sbach  friction  factor, 
kinematic   viscosity,   the  flow   velocity,  the  width  of  flow, 
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channel  slope,  and  depth  of  flow. 
SELECT  THE  PROCEDURE  DESIRED: 

1  -  SEDIMENT  TRANSPORT  ANALYSIS 

2  -  END  PROGRAM  RUN 

?  1 

TITLE  FOR  OUTPUT  ?  RAWHIDE  CREEK  BASIN 

DARCY-WEISBACH  FRICTION  FACTOR  ?  .  025 

KINEMATIC  VISCOSITY  (sq  ft/sec)  ?  .OOOOlll 

STREAM  WIDTH  (ft)  ?  8 

VELOCITY  (ft/sec)  ?  2.89 

SLOPE  (rise/run)  ?  .0017 

HYDRAULIC  DEPTH  (ft)  ?  .51 

HOW  MANY  SIZE  RANGES  DO  YOU  WISH  TO  EVALUATE  ?  1 

GEOMETRIC  MEAN  PARTICLE  SIZE  (ft)  FOR  SIZE  RANGE  NO.   1  ?  .000623 

PROBABILITY  FOR  SIZE  RANGE  NO.   12  1 

RAWHIDE  CREEK  BASIN 

Flow  Velocity  =  2.89  ft /sec 

Top  Width  =      8  ft 

Flow  Depth  =  .51  ft 

Slope  =     .0017  ft/ft 

Darcy-Weisbach  Factor  =  .025 

Kinematic    Viscosity         =  l.HOOOe-05  sq    ft/sec 

SIZE  (ft)   PROB   (cfs)  --  BEDLOAD  --  (lb/sec)   (cfs)  --  SUSPENDED  -  (lb/sec) 
.000623   1.00     .00463         .76596     .01857         3.07063 


TOTALS  >  .00463  .76596  .01857  3.07063 

SELECT    THE    PROCEDURE    DESIRED: 

1  -  SEDIMENT  TRANSPORT  ANALYSIS 

2  -  END  PROGRAM 

?  2 
ready 
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7.  DETENTION  POND  ANALYSIS 

IjL_lQtrDdyctJLgn 

Urbanization  of  a  watershed  increases  the  percent  of 
impermeable  surface  and  changes  drainage  patterns  resulting  in 
increases  in  runoff  volumes  and  peak  discharge  rates.  One  method 
for  counter-acting  this  effect  is  to  construct  detention  ponds 
within  the  basin  to  limit  peak  flow  rates  from  developed  areas  to 
those  which  occurred  prior  to  development  (.1) .  This  program 
follows  the  method  described  in  SCS  Technical  Release  No.  55 
entitled.  Urban  Hydrology  for  Small  Watersheds  (2)  for  estimating 
the  volume  of  required  detention  storage  necessary  to  achieve 
thi  s  goal . 


1 1 . Prggram_Thegry 

TR-55  provides  two  methods  for  determining  required 
detention  pond  storage.  The  first  method,  the  inflow-outflow- 
storage  method,  is  recommended  when  the  desired  outflow  rate  from 
the  pond  is  less  than  150  csm  (cfs  per  square  mile  of  drainage 
area)  for  a  weir — type  discharge  structure  and  less  than  300  csm 
for  a  pipe  discharge.  The  second  method,  the  volume— rate  method, 
is  recommended  for  outflow  rates  above  these  maximums.  The  later 
method  is  implemented  in  this  program. 

The  volume— rate  method  utilizes  a  curve  which  relates  the 
ratio  of  the  volume  of  storage  and  volume  of  runoff  (V^/Vr)  to 
the  ratio  of  peak  rate  of  outflow  to  peak  rate  of  inflow  (Qo/Qi). 
The  curve  was  developed  using  known  relationships  involving  a 
Type  II  storm  distribution  applied  to  a  24-hour  rainfall  and 
assumes  that  the  volume  available  for  temporary  storage  is  small 
relative  to  the  expected  runoff  volume. 

Normally,  to  apply  the  volume— rate  method  to  derive  a 
required  storage  volume,  the  user  must  estimate  the  runoff  volume 
and  peak  discharge  rate  under  post  development  conditions  for  a 
given  24-hour  storm.  Using  the  ratio  of  Qa  (the  rate  of  peak 
discharge  desired  from  the  pond  after  development)  to  QT 
(estimated  post-development  rate  of  inflow)  the  ratio  of  required 
volume  of  storage  to  estimated  post— development  runoff  volume  can 
be  derived  from  the  volume— rate  curve.  Since: 


=   ratio  L7-1D 


V<;3 

Vo 

then,  Vra  =  V„  (ratio).  C7-23 
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In  order  to  avoid  the  need  to  use  the  volume-rate  curve,  the 
program  uses  the  following  polynomial  appro;;  i  mat  i  on: 


Qr, 

Qi 


1.8 


0.8 


QG 

Gr 


C7-3] 


The  program  also  provides  the  option  to  compute  the 
estimated  volume  of  runoff  using  the  SCS  curve  number  method.  The 
volume  of  runoff  depends  upon  the  volume  of  precipitation  and  the 
volume  retention  due  to  infiltration,  surface  storage,  and  other 
factors.  Retention  is  defined  as  the  difference  between  the 
volume  of  precipitation  and  the  volume  of  runoff.  The  SCS  method 
assumes  that  a  certain  volume  of  precipitation  at  the  beginning 
of  the  storm,  called  the  initial  abstraction,  will  not  appear  as 
runoff.  These  relationships  are  inherent  in  the  following 
equation: 


F 
S 


Q 

P  ~   I A 


C7-4D 


where. 


F  =  actual  retention, 

S  =  potential  maximum  retention, 

Q  =  volume  of  runoff, 

P  =  volume  of  precipitation,  and 

lo    =  initial  abstraction. 

The  actual  retention  is  therefore: 

F  =  (P  -  I«>  -  Q. 

Substituting  Equation  7-4  into  Equation  7—5  yields: 

<P  -  IA>  -  Q  Q 

S  P  -  I„ 

and    solving    for    Q    yields, 

<P-Ia>» 

q  =  

(P  -  I,x)  +  S 
Empirical  data  suggests  that: 

I«   =   0.2S, 
and  substituting  Equation  7-8  into  7-7  yields. 


L7-53 


C7-63 


E7-73 
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(P  -  0.2S>:- 
P  +  0.8S 


Empirical  data  indicates  that: 

i  OOO 


S   = IO,  17-10] 

CN 

where  CN  =  runoff  curve  number  tor  the  basin  under  study  and  is  a 
an  index  of  soil  type,  land  use,  agricultural  land  treatment 
class,  hydrologic  condition,  and  antecedent  moisture  condition. 
Methods  for  choosing  CN  values  are  discussed  in  a  number  of 
widely  distributed  publications  including,  The  SCS  National 
Engineering  Handbook ..  Sect  ion  4,  H  ydrol ogy  (3),  and  Design  of 
Small    Dams<2>. 


lXXi_Program_Ogeratign_/_Limitati_gns 

TR-55  states  that  in  instances  where  runoff  curve  numbers 
are  less  than  65  in  combination  with  short  times  of 
concentration,  VWVo  will  be  up  to  25  percent  too  high.  Runoff 
curve  numbers  over  85  with  long  times  of  concentration  cause 
Vsn/Vo  values  to  be  up  to  25  percent  too  low.  For  weir  flow 
structures  with  desired  outflow  rates  less  than  150  csm  or  pipe 
flow  structures  with  desired  outflow  rates  of  less  than  300  csm, 
the  graphical  inf 1 ow— outflow— storage  method  in  TR— 55  should  be 
used. 

The  program  accepts  a  design  storm  rainfal'  amount  in  inches 
which  is  then  converted  to  a  volume  by  applying  the  watershed 
drainage  area.  Runoff  amounts  which  are  input  directly  in  inches 
are  converted  in  the  same  manner.  As  the  following  example 
illustrates,  a  required  detention  pond  storage  volume  can  be 
computed  by  entering  the  desired  outflow  rate,  or  the  resulting 
outflow  rate  can  be  computed  given  an  available  storage  volume. 
The  program  is  completely  menu— driven  and  prompts  the  user  for 
all  input.  A  list  of  the  variables  used  in  the  program  and 
comments  describing  its  operation  can  be  found  in  the  source 
code. 

lVi_Exampl_e_Prgblem 

A  new  housing  development  has  just  been  completed  in  the 
Donkey  Creek  basin.  Is  desired  that  a  storm  runoff  retention  pond 
be  constructed  to  maintain  downstream  flows  at  the  same  rate  as 
pre-development .  Prior  to  development  the  basin  curve  number  was 
estimated  at  60.  After  development  the  curve  number  has  increased 
to  80.  The  drainage  area  above  the  proposed  detention  pond  is  30 
acres.  The  pond  is  to  be  designed  for  the  10-year,  24-hour  storm 
for  which  the  precipitation  amount  is  4  inches.  Post  development 
is  to  be  kept  to  9  cfs  and  the  design  storm  inflow  rate  is 
estimated  at  38  cfs.  What  size  pond  is  required  ?   If  2.3  acre-ft 
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is   available   -for  the  pond,   what  can  the   expected   outflow   be 
reduced  to  ? 


*BRN  A403/P0ND,  R 

This  program  calculates  the  pond  volume  required  to  detain  the  excess 
runoff  occuring  because  of  a  change  in  basin  runoff  conditions.  Deten- 
tion pond  volume  is  calculated  using  estimated  peak  inflow,  desired  peak 
outflow,  and  the  expected  excess  runoff  volume.  Excess  runoff  volume  can 
either  be  input  directly  (  pre—  and  post  rainfall  excess  )  or  can  be 
calculated  using  SCS  methods  (  pre—  and  post  Curve  Numbers  ).  The  prog- 
gram  will  also  calculate  expected  peak  outflow  from  a  detention  pond 
given  rainfall  excess,  storage  capacity,  and  peak  inflow.  To  begin  the 
program  select  one  of  the  following  options: 

1  -  COMPUTE  POND  DETENTION  VOLUME 

2  -  COMPUTE  EXPECTED  PEAK  POND  OUTFLOW 

3  -  END  PROGRAM  RUN 


TITLE  FOR  OUTPUT?  DONKEY  CREEK  POND 

INDICATE  HOW  YOU  WISH  TO  INPUTE  RAINFALL  EXCESSES: 

1  -  ENTER  RAINFALL  EXCESSES  DIRECTLY 

2  -  CALCULATE  EXCESSES  FROM  SCS  CURVE  NUMBERS 


ENTER  CURVE  NUMBER  PREVIOUS  TO  CHANGE  IN  WATERSHED: 

?  60 

ENTER  CURVE  NUMBER  AFTER  CHANGE  IN  WATERSHED: 

?  80 

ENTER  24-HOUR  RAINFALL  FOR  DESIRED  DESIGN  STORM  (IN) 

?  4 

WATERSHED  DRAINAGE  AREA  (ACRES)?  30 

ESTIMATED  POND  PEAK  INFLOW  RATE  (CFS)?  38 

DESIRED  POND  PEAK  OUTFLOW  RATE  (CFS)?  9 

DONKEY  CREEK  POND 


INCREASED  RAINFALL  EXCESS  =     1.2798  IN 

DRAINAGE  AREA  =  30.0000  ACRES 

ESTIMATED  PEAK  INFLOW  =  38.0000  CFS 
DESIRED  PEAK  OUTFLOW  =  9.0000  CFS 


POND  STORAGE  REQUIRED  = 


1.9729  ACRE-FT 
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1  -  COMPUTE  POND  DETENTION  VOLUME 

2  -  COMPUTE  EXPECTED  PEAK  POND  OUTFLOW 

3  -  END  PROGRAM  RUN 


TITLE  FOR  OUTPUT?  DONKEY  CREEK  POND 

INDICATE  HOW  YOU  WISH  TO  INPUTE  RAINFALL  EXCESSES: 

1  -  ENTER  RAINFALL  EXCESSES  DIRECTLY 

2  -  CALCULATE  EXCESSES  FROM  SCS  CURVE  NUMBERS 

7  2 

ENTER  CURVE  NUMBER  PREVIOUS  TO  CHANGE  IN  WATERSHED: 

?  60 

ENTER  CURVE  NUMBER  AFTER  CHANGE  IN  WATERSHED: 

?  80 

ENTER  24-HOUR  RAINFALL  FOR  DESIRED  DESIGN  STORM  (IN) 

?  4 

WATERSHED  DRAINAGE  AREA  (ACRES)?  30 

AVAILABLE  POND  STORAGE  (ACRE-FT)?  2.3 

EXPECTED  INFLOW  (CFS)?  38 

DONKEY  CREEK  POND 

INCREASED  RAINFALL  EXCESS  =  1.2798  IN 

DRAINAGE  AREA  =  30.0000  ACRES 

ESTIMATED  PEAK  INFLOW  =  38.0000  CFS 

POND  STORAGE  AVAILABLE  =  2.3000  ACRE-FT 

ESTIMATED  PEAK  OUTFLOW  =        6.4320  CFS 

1  -  COMPUTE  POND  DETENTION  VOLUME 

2  -  COMPUTE  EXPECTED  PEAK  POND  OUTFLOW 

3  -  END  PROGRAM  RUN 

?  3 


ready 
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